DRAFT

Bay Delta Drinking
Water Quality Criteria

December, 1996

CALIFORNIA URBAN WATER AGENCIES

C—03101 4

C-031014



' Table of Contents

LETTER OF TRANSMITTAL . . .. ... e e e i
PREFACE . . . e e e e il
EXPERT PANEL LETTER . . ... .. e e e e e s 1
EXECUTIVE SUMMARY . . . .. e e e e e e ES-1
INTRODUCTION . . .o e e e e e e e e e e e e 1-1
POTENTIAL REGULATORY SCENARIOAND SCHEDULE . . ........ ... ... .. ..., 2-1
TREATMENT PROCESSES REQUIRED TO MEET FUTURE REGULATIONS ... ........... 3-1
EVALUATION OF SOURCE WATER QUALITY AND TREATMENT EFFICIENCY........... 4-1
REFERENCES . . o e R-1
LIST OF TABLES
Table 2.0 ... e 2-3
Table 2.2 . e 2-4
Table 3.0 . e 3-4
Table 4.0 . o e 4-2
Table 4.2 . e 4-7
APPENDIX A - Predictive Models for Disinfection By-Products .. .......................... A-l
Table AL L. . o e A-3
APPENDIX B -CUWA Member TreatmentData . . ... ..., B-1
APPENDIX C - Delta Water Quality and Treatment Limitations for Currently Available Advanced Water
Treatment Technology . ... ..o ot e C-1
Figure 1. .. e e e e C-3
FagUIe 2. e e e e C+4

C—031015
C-031015



CC:

CUWA Board of Directors
CUWA Water Quality Advisory Committee
Elaine Archibald, Consultant
Gary Bobker, The Bay Institute
Thomas Clark, KCWD
Ronnie Cohen, NRDC

David Cottingham, Counselor
David Fullerton, NH I

Richard Golb, NCW A
Robert Hultquist, DH S

David Kennedy, D W R

Gail Louis, EP A

Steven Macaulay, State Water Contractors
Bruce Mackler, EP A

Felicia Marcus, EP A

Dan Nelson, SLDMW A
Dante Nomellini, CDW A
Erik Olson, NRD C

Roger Patterson, U SBR
Jason Peltier, CVPWA
Robert Perciasepe, USEP A
Robert Potter, D WR

Allen Short, MID

Lester Snow, CALFED

David Spath, DH S

Phillip Wendt, D W R

Rick Woodard, D WR

Steven Yeager, D WR
Thomas Zuckerman, Attorney

C—031016

C-031016



face i i ate

One objective of the CALFED Bay-Delta Program is to provide good water quality in Delta water
diverted or exported to meet drinking water needs. To accomplish this, CALFED must select a long-
term solution that provides a quality of source water that urban water providers can treat at
reasonable cost to meet current and future federal and state health-based drinking water standards.
To enable a quantitative assessment of the impact of alternative Bay-Delta solutions, specific water
quality criteria must be chosen for analysis. Although there are numerous water quality
constituents of concern in meeting drinking water standards, the major constituents of health concern

in Delta water are pathogens (Giardia and Cryptosporidium) and disinfection by product (DBP)

precursors (bromide and total organic carbon). The quality of water diverted from the Delta will
bear heavily on the treatment technology which needs to be employed to meet increasingly stringent
drinking water standards.

Setting water quality criteria requires knowledge about both the future regulatory setting under the
Safe Drinking Water Act and the relative performance characteristics of currently available
treatment technologies under a variety of actual conditions. Rather than asking its treatment experts
to make this assessment, CUWA convened a panel of nationally recognized drinking water quality
experts to determine the required criteria for total organic carbon (TOC) and bromide that will allow
utilities treating Delta water to comply with current and probable future drinking water regulations
utilizing available advanced technology. The expert panel consists of Douglas Owen, P.E. Vice
President at Malcolm Pirnie, Inc., Phillippe Daniel, P.E. Associate at Camp Dresser & McKee and
R. Scott Summers, PhD, Professor at the University of Cincinnati. The purpose of the expert panel
report, which follows, is to identify Delta drinking water quality criteria based upon specified
assumptions with which CALFED staff can evaluate the relative performance of Bay-Delta
alternatives in meeting program objectives. These criteria have been developed in recognition of the
interaction between source water quality, treatment efficacy and probable regulatory outcomes, as
developed by the panel. This report does not represent CUWA’s or any of its members endorsement
of a specific regulatory outcome.

This report concludes that for currently available advanced water treatment technology to be able
to meet probable future drinking water quality standards with water diverted from the Delta, the
source water quality should have concentrations less than 3.0 mg/L for TOC and less than 50ug/L
for bromide. CUWA recognizes that based upon historic concentrations of these constituents
measured at Clifton Court Forebay in the Delta, it is unlikely that the criteria for bromide could be
met under existing conditions, even in wet years. Therefore, CALFED must carefully analyze a
variety of actions within its alternatives analysis to determine which combination of actions can
assure the achievement of the program’s drinking water quality objective in concert with other
important objectives. These actions should include at least the following:
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EXECUTIVE SUMMARY

The California Urban Water Agencies (CUWA) retained the assistance of three water quality and
treatment specialists who have specific expertise in the formation of disinfection by-products (DBPs).
These three individuals -- the expert panel -- evaluated specific source water quality characteristics
which would be necessary to permit diverted water from the San Francisco Bay/Sacramento-San
Joaquin River Delta (Delta) to be used for meeting future water quality standards under defined
treatment conditions. Specifically, the expert panel was charged with 1) developing an anticipated
future regulatory scenario, 2) defining treatment criteria for coagulation and ozonation processes
which potentially could be implemented by users of Delta water, and 3) estimating source water
quality diverted from the Delta which would allow users implementing the defined treatment
technologies to comply with the regulatory scenario. The source water quality characteristics were
framed in the context of total organic carbon (TOC) and bromide concentrations, both constituents
which have the potential to be controlled by different management strategies for the Delta.

The potential regulatory scenario includes specific limits for two organic classifications of DBPs
recently proposed in rulemaking by EPA; 40 pg/L for total trihalomethanes and 30 pg/L for the sum
of five haloacetic acids. In addition, a potential limit of 5 pg/L was projected for bromate, an
inorganic by-product formed by the ozonation of bromide-containing waters.

The treatment criteria specified by the expert panel included: 1) the use of 40 mg/L of alum at a pH
of 7.0 and possibly as low as 6.5 in the coagulation process, followed by chlorine disinfection with
a chloramine residual in the distribution system, and 2) the use of ozone at specific ozone:TOC ratios
followed by a chloramine residual. The chlorine and ozone disinfection criteria were proposed to
meet potential 1 or 2 log Giardia inactivation requirements. Only the ozone disinfection strategy
was considered to provide potential 1 log Crypfosporidium inactivation.

The expert pane] used data submitted by CUWA members, available literature and ongoing research,
as well as their own experience and best professional judgement to arrive at potential source water
quality requirements. Available models for DBP formation were evaluated to investigate threshold
DBP formation behavior and to support the initial conclusions reached by the expert panel.

Specific combinations for TOC and bromide necessary in the water diverted from the Delta can vary
depending upon the treatment technology implemented and microbiological inactivation required.
Further, the conservatively plausible bromate level of 5 ng/L is significant in establishing limiting
bromide levels in this evaluation. The rationale for this level in this analysis ultimately may be
modified by a varniety of factors including allowing for trade-offs for disinfection and the formation
of organically-based brominated DBPs (e.g., THMs or HAAs) or evidence of a cancer threshold for
bromate (investigations underway). On the other hand, there are other potential regulatory outcomes
involving 1) the regulation of individual DBPs due to the potentially more severe health effects
associated with brominated compounds, 2) the addition of other regulated haloacetic acids as
analytical methods develop, and 3) the concerns over reproductive defects associated with DBPs,
which may lower the regulatory levels and/or peak permissible concentrations.

ES-1
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1.0 INTRODUCTION

The California Urban Water Agencies (CUWA) engaged the services of three water quality
experts to assist in providing input to the CALFED process regarding potential management
alternatives in the San Francisco Bay/Sacramento-San Joaquin River Delta (Delta). The expert panel
was charged with determining the required raw water quality diverted from the Delta which would
permit the effective implementation of specific drinking water treatment processes to meet potential
future drinking water quality standards. The expert panel was comprised of Douglas M. Owen, P.E.,
Vice President at Malcolm Pirnie, Inc., Phillippe A. Daniel, P.E., Associate at Camp, Dresser &
McKee, and R. Scott Summers, PhD, Professor at the University of Cincinnati.

The expert panel used data submitted by CUWA members, available literature and ongoing
research, as well as their own experience and best professional judgement to arrive at potential source
water quality requirements. Available models for DBP formation were evaluated to investigate
threshold DBP formation behavior and to support the preliminary conclusions reached by the expert
panel. This report presents the best professional judgement from this expert panel.

This report is subdivided into the following chapters:

Chapter 2 - Regulatory Scenario and Schedule

Chapter 3 - Treatment Processes to Meet Regulatory Requirements

Chapter 4 - Evaluation of Source Water Quality and Treatment Efficiency

In Chapter 2, the general trends in drinking water regulations are discussed and plausible,
future regulatory criteria are presented. Treatment processes relevant to users of water diverted from
the Delta are presented in Chapter 3, together with general assumptions regarding the design and
application of these processes. In Chapter 4, source water quality is projected which allows the
treatment processes defined in Chapter 3 to be used to meet the potential regulatory scenario

presented in Chapter 2.
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Other water quality contaminants, such as pesticides, herbicides, and metals, are of concern
but are not likely to constrain treatment requirements as significantly as the microbial and DBP
regulations, based upon occurrence in water currently diverted from the Delta.

There are other potential regulatory outcomes involving 1) the regulation of individual DBPs
(rather than the groups of compounds represented by TTHM and HAAS due to the potentially more
severe health effects associated with brominated compounds, 2) the addition of other regulated HAAs
(there are nine total) as analytical methods develop, and 3) the concerns over reproductive and
developmental effects that may be associated with DBPs, which may lower the regulatory levels
and/or the permissible peak concentration (i.e., annual averaging may no longer be the basis for

“ determining compliance).

Further, because of the analytical difficulty in accurately characterizing microbial
contamination in water, EPA is considering a treatment optimization rule, at least on an initial basis,
as opposed to specific criteria for pathogenic organisms. In such a rule, "optimization" may be
defined as an improvement in treatment process efficiency which minimizes the risk of microbial
contamination in treated water sources, '

While there are many factors that contribute to the uncertainty surrounding the anticpated
regulatory scenario, it is the selected bromate leve] of 5 pg/L that most keenly influences the analysis.
The rationale for this level (i.e., advances in detection limit, the weight of the carcinogenic evidence,
the precedence for THM and HAAS limits in Stage 2 at half the Stage 1 levels) in this analysis could
ultimately be modified by a variety of factors including:

. An allowance for disinfection - bromate trade-offs (this is the World Health Organization
rationale for a 25 pg/L standard). This may be critical if an inactivation requirement for
Cryptosporidium emerges.

. A bromate versus brominated organic compound trade-off (i.e., addressing the difference
between DBPs formed with ozone versus those formed with chlorine).

. Evidence of a cancer threshold for bromate (investigations underway).

Nevertheless, in the absence of more definitive direction, the pane! considers a 5 pug/L value

to be both prudent and plausible.
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For the purposes of this evaluation, the anticipated regulatory scenario summarized in Table

2.1 was used as the basis for evaluating source water quality and treatment requirements in this

report:
TABLE 2.1
POTENTIAL REGULATORY SCENARIO
Regulation - Parameter Treatment Requirement
or MCL
ESWTR Giardia Additional 1 or 2 log
inactivation by disinfection,
after treatment removal credit
Cryptosporidium Additional 1 log inactivation
by disinfection, after
treatment removal credit
D/DBP Rule TTHMs 40 pg/L
HAAS5 30 pg/L
Bromate 5 ug/L

2.2 REGULATORY SCHEDULE

The recently-enacted 1996 Amendments to the Safe Drinking Water Act (SDWA) have
caused EPA to adopt a more ambitious schedule than EPA presented in June 1996 (see Table 2.2).
The June 1996 dates were based upon a scenario in which EPA would not be “pushed” to develop
an Interim ESWTR, and promulgate Stage 1 of the D/DBP Rule and the Interim ESWTR, until
pathogen data were available from the Information Collection Rule (ICR).
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TABLE 2.2

COMPARISON OF OLD AND NEW REGULATORY

SCHEDULE REGULATION
Promulgation Date
Regulation Initial Revised

(June 1996) | (August 1996)
Interim ESWTR June 2000 November 1998
Final ESWTR NA® November 2000
Stage 1 D/DBP Rule June 2000 November 1998

Stage 2 D/DBP Rule June 2003 May 2002

Notes: (1)  NA = Not available

EPA understands, however, that the Final ESWTR and Stage 2 of the D/DBP Rule, at a
minimum, are linked to data availability through the ICR. Monitoring for the 18-month ICR won't
begin until February 1997. Consequently, EPA is pressed between the statutory requirements and
the recognition that a longer time frame would be required [e.g., promulgation (final) Stage 1 of the
D/DBP Rule and Interim ESWTR in 2000 with final and effective dates for Stage 2 in 2003 and 2006

to 2008, respectively]. One possible alternative for EPA is to proceed with interim regulations for -

microbial and DBP control (i.e., an ESWTR focusing on "optimization” and potential elements of the
Stage 1 D/DBP Rule) that would be promulgated in November 1998. In any case, both the ESWTR
and Stage 2 of the D/DBP Rule would ultimately need to be finalized and become effective by the
dates given in the reauthorized SDWA (November 2000 and May 2002, respectively).

Given this projected time frame, it is anticipated that the selected option for management
alternatives in the Delta will be known, with construction underway, by the time the entities using
Delta water need to implement required treatment technologies. Consequently, these agencies will
be in a position to plan for the projected water quality from the Delta "fix" in coordination with their

efforts for facility modifications to meet the regulatory requirements of the final ESWTR and Stage
2 of the D/DBP Rule.
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3.0 TREATMENT PROCESSES REQUIRED TO
MEET FUTURE REGULATIONS

In this chapter, general process criteria are defined to characterize specific treatment processes
relevant to users of water diverted from the Delta. Source water quality is determined in Chapter

4 which permits these treatment processes to meet the regulatory scenario discussed in Chapter 2.

3.1 SELECTION OF TREATMENT PROCESSES TO BE EVALUATED

As a part of this effort, CUWA requested that the expert‘panel focus on those treatment
processes which were considered to be the most cost-effective for simultaneously meeting the
requirements of the D/DBP Rule and the ESWTR when treating water diverted from the Delta.
These processes were defined as enhanced coagulation, a treatment technique proposed for Stage 1
of the D/DBP Rule, and ozone disinfection. These processes are also relevant for Stage 2 of the
D/DBP Rule and were considered appropriate because they can be implemented into facilities
currently owned and operated by the CUWA agencies (as well as a majority of conventional filtration
facilities across the country). For example, the majority of filtration systems across the country use
conventional treatment including sedimentation, which allows for increased coagulation dosages to
meet proposed enhanced coagulation requirements. In addition, some CUWA facilities already use
ozone disinfection. The most cost-effective option(s) for meeting potential future regulations is
specific for each water purveyor, depending upon water source and quality.

There are entities which currently treat much higher quality water than that currently diverted
from the Delta. These entities are able to use in-line filtration or simply disinfection without filtration
to produce high quality drinking water. It should be emphasized that the determination of feasible
treatment processes is dependent upon the existing source and that this evaluation is based only upon
those entities currently using water diverted from the Delta as a source.

The use of post-filter granular activated carbon (GAC) adsorbers and membranes were not
considered a part of this evaluation. The focus in this study was to define the source water quality
needs for technologies currently applicable to large scale water treatment facilities in California. Post-

filter GAC adsorbers and membranes can be at least an order of magnitude more expensive than
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ozone and the feasibility of these technologies is much more uncertain based upon cost, environmental
permitting constraints, and availability of residual handling alternatives. This position is shared by
much of the water industry. For reference, only one treatment plant-in the country at the size
comparable to many of the CUWA members uses post-filter GAC as a treatment technique. There
are no membrane plants in operation in the country which are used for DBP precursor removal at the
facility sizes representative of the CUWA members.

It should be noted, however, that source water quality constraints from the Delta could be

modified if GAC and membrane treatment ultimately were considered to be feasible treatment _

technologies.

3.2 GENERAL ASSUMPTIONS FOR SELECTED TREATMENT PROCESSES

3.2.1 Enhanced Coagulation ,

Enhanced coagulation offers the advantages of removing naturally-occurring organic material,
thereby removing DBP precursors which, upon disinfection, form DBPs. As such, MCLs for TTHMs
and HAAS can be addressed by enhanced coagulation, when followed by chlorine disinfection. Upon
review of the potential for DBP formation, it was determined that enhanced coagulation would only
be required under conditions in which free chlorine is used for primary disinfection (pathogen
inactivation), followed by chloramines for secondary disinfection to maintain a distribution system
residual. Further, this treatment option is only applicable to instances in which either 1 or 2 log
Giardia inactivation is required to demonstrate microbial control, as discussed in Chapter 2. It was
assumed that Cryprosporidium inactivation could not be achieved by free chlorine disinfection under
treatment conditions feasible for drinking water systems.

The conditions for enhanced coagulation were defined according to the specific percent
removal requirements for Total Organic Carbon (TOC), as dictated in Stage 1 of the proposed
D/DBP Rule (USEPA, 1994), by raw water TOC and alkalinity. Given the specific TOC removal
percentages in the proposed D/DBP Rule, this translated to a projected 40 mg/L dosage of alum at
a coagulation pH of 7.0, and possibly as low as 6.5. Consequently, acid addition may be required
since the 40 mg/L dosage will likely only lower the pH to a value between 7.0 and 7.2. These
coagulant dosages are not atypical of those currently being used by some CUWA members (e.g.,
Alameda County, Contra Costa, and Santa Clara Valley Water Districts), although 1) these systems
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do not reduce pH with acid to improve precursor removal, and 2) many systems still prechlorinate,
which cannot be used to obtain disinfection credit in the proposed D/DBP rule when using enhanced
coagulation . It was assumed that a chlorine:TOC ratio of 1:1 and 60 minutes of free chlorine contact
(tsp would be required to achieve 1 log inactivation of Giardia. For 2 log Giardia inactivation, 120

minutes of free chlorine contact would be required.

3.2.2 Ozone Disinfection

The use of ozone disinfection offers the opportunity to meet the MCLs for TTHM and HAAS

in the potential regulatory scenario by again using chloramines as the secondary disinfectant.
Therefore, additional removal of naturally-occurring organic matter may not be necessary. That is,
enhanced coagulation may not have to be coupled with ozone disinfection, as long as the source
water TOC is £ 4.0 mg/L. and alkalinity is > 60 mg/L as CaCQO;. Implementing ozone and
chloramines under the Stage 1 timeframe to meet both Stage 1 and Stage 2 MCLs is one strategy for
water utilities to avoid implementing enhanced coagulation when treating source waters with TOC
concentrations < 4.0 mg/L and alkalinity > 60 mg/L as CaCO,. Many entities using water diverted
from the Delta, however, treat source water TOC concentrations > 4 mg/L.

For the purposes of evaluating bromate formation for 1 log Giardia, 2 log Giardia, and 1
log Cryptosporidium inactivation, ozone doses were projected based upon the expert panel’s
experience, current research, and data submitted by the CUWA members. The ratios were adjusted
for pH effects (i.e., greater ozone residual persistence as pH decreases resulting in lower ozone
requirements). For example, to meet 1 log Giardia inactivation at ambient pH, Alameda County
Water District routinely requires an ozone to TOC ratio of 0.8 (ambient pH for entities using water
diverted from the Delta can range from 7.5 to 9.5, a “typical” value of 7.8 was used in this analysis).
At pH 7, MWD's demonstration plant results indicated roughly a 0.7 ozone:TOC ratio for achieving
2 log Giardia inactivation. Pilot results from the Santa Clara Valley Water District indicated that at
pH 6.6 io 6.8, an ozone:TOC ratio of 0.7 to 0.9 was required for 1 log Cryptosporidium inactivation
(the data were variable, however, and the lower pH did not necessarily correspond to lower
ozone:TOC ratios for the pilot results).

Based upon the ozone dosage and inactivation data from the CUWA members and the expert
panel’s experience, possible ozone:TOC ratios which may be required to achieve pathogen

inactivation were evaluated to take into account potential lower ozone dosages to achieve a given
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inactivation under conditions of lower TOC (for example, settled water ozonation). It is important
to note that CT compliance needs to be achieved continuously, and therefore an approximate 20
percent safety factor was applied to the CUWA member data. This also partially accounts for EPA’s
approach in setting CT values based upon 90 percentile values versus median, or 50 percentile values
which are represented by the CUWA member data. The selection of ozone:TOC ratios also
considered operational issues, for which it was assumed that there would be a certain “overshoot”
of specific dosage targets to ensure continual CT compliance. Based upon these assumptions,
bromate formation was evaluated at a range of ozone:TOC ratios and pH values, as indicated in Table

3.1

TABLE 3.1
OZONE:TOC RATIO AND PH CONDITIONS FOR
BROMATE EVALUATION
pH Ozone:TOC Ratios
7.8 08,12 15
7.2 07,1013
6.8 06,009 1.1
6.5 0.5,0.75, 1.0

The ozone: TOC ratios at each pH were considered to inactivate 1 log Giardia, 2 log Giardia,
and 1 log Cryptosporidium.

3-4
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4.1

4.0 EVALUATION OF SOURCE WATER QUALITY
AND TREATMENT EFFICIENCY

WATER QUALITY IMPACTS AND VARIABILITY

In this section, water quality constraints are described which will allow implementation of

specific treatment processes to meet potential regulatory goals. In general, the water quality

constraints will be described in terms of two measurable surrogate parameters which affect DBP

formation; TOC and bromide. In evaluating these water quality variables and interpreting the results,

it is important to recognize that:

1.

4.2

TOC is a heterogeneous mixture, and is comprised of humic and fulvic acids and other
naturally-occurring organic material which varies from source to source and from location to
location within a source. Consequently, TOC from different regions of the Delta will not
have an identical impact on DBP formation. In this effort, it was necessary to assume that
TOC could be a unifying variable for organic DBP precursor material, even given the inherent
variability in the material which comprises this parameter.

The extent to which bromide participates in DBP reactions is dependent upon its oxidation
state as well as its relative concentration with other competing oxidants (e.g., chlorine). The
following analysis is not stoichiometrically-based, but rather is empirical in nature based upon
measured formation rates and other data available to the Panel.

The formation of DBPs is dependent upon many other water quality parameters beyond TOC
and bromide, alone. Some of these include temperature and pH. The Panel focused on TOC
and bromide because it was assumed that management alternatives for the Delta had the
opportunity to affect these variables, and therefore their control will influence subsequent
DBP formation through treatment processes.

ENHANCED COAGULATION

For enhanced coagulation, source water TOC concentrations of 3, 4 and 5 mg/L and bromide

concentrations of 50, 100, 150, 200 and 300 pg/L. were evaluated. As discussed in Chapter 3, an

alum dose of 40 mg/L at a coagulation pH of 7.0, and possibly as low as 6.5, was projected to be

required to meet the 30% TOC removal requirement for a raw water TOC of <4 mg/L and 35%

TOC removal requirement for a raw water TOC of > 4 mg/L. These removals result in the treated

water TOC values listed in Table 4.1. Using free chlorine as a disinfectant, a chlorine-to-TOC ratio
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of 1:1 and contact times of 1 and 2 hours were projected to yield 1 and 2 log Giardia inactivation,
respectively. To assist in assessing the TTHMSs formed under these conditions, a THM formation
model developed for the Metropolitan Water District of Southern California was used (Malcolm
Pirnie Inc., 1993). The model was developed from 648 data observations under bench-scale
conditions using various blends of water diverted from the Delta. The conditions used in this
evaluation were within the experimental boundaries of the model. A more detailed description of the
model is provided in Appendix A. The predicted TTHM values are summarized in Table 4.1.
TABLE 4.1

PROJECTED TTHM FORMATION USING ENHANCED COAGULATION

Water Quality TTHM Formation (ng/L)
Raw TOC | Treated TOC | Bromide 1 hr. 2 hr.
(mg/L) (mg/L) (ng/L) contact contact
3 2.1 50 24 29
100 27 32
150 30 35
200 32 38
300 38 45
4 2.8 50 32 38
100 35 42
150 39 46
200 42 50
300 49 59
5 3.25 50 37 44
100 40 48
150 44 53
200 48 57
300 57 68

The TTHM values were compared to the data supplied by the CUWA members, those in the
open literature, and with the experience of the expert panel. A summary of the data provided by the
CUWA members is included in Appendix B. The available data and the expert panel’s experience
agreed well with values in Table 4.1.

4.2
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HAAs are also formed under these reaction conditions. The Stage 2 proposed MCLs of 40
ug/L and 30 pg/L for TTHM and HAAS, respectively, yield a mass concentration TTHM-to-HAAS
ratio of 1:0.75. The DBP data supplied to the expert panel by the CUWA members indicate that the
TTHM values exceed the HAAS concentrations by greater than this ratio of 1:0.75 in 84% of the 160
cases where paired TTHM and HAAS data were available. Other data from both research and full-
scale applications in waters containing at least 50 ug/L of bromide confirm these findings (Summers,
et. al., 1996, Cheng, et. al., 1995, Shukairy, et.al., 1994). Thus, it was concluded that TTHMs are
the DBP of regulatory concern for this coagulation evaluation. It is important to note, however, that
HAAS represents only five of the nine bromo-chloro HAA compounds. If HAAG6 or even HAA9
were to become regulated, then the controlling parameters and values could be affected.

A 20 percent safety factor on DBP production was used in determining the source water
conditions which would result in the target DBP concentrations following treatment, thus a target
value of 32 pg/L was used for TTHM (80% of 40 pig/L). Based upon this assumption, the following

conclusions were drawn:;

1) For a 1 log Giardia inactivation using free chlorine for 60 minutes following enhanced
coagulation, it was projected that the following water quality conditions would permit
compliance with the TTHM target concentrations in the regulatory scenario:

. araw water TOC concentration < 3.0 mg/L. and a bromide concentration < 200 pg/L
(0.20 mg/L)

. a raw water TOC concentration < 4.0 mg/L and a bromide concentration < 50 pg/L
(0.05 mg/L)

Certain combinations of raw TOC concentrations between 3 and 4 mg/I. and bromide

concentrations between 200 pg/L and 50 pg/L are also projected to meet the target DBP
values.

2) For a 2 log Giardia inactivation using free chlorine for 120 minutes following enhanced
coagulation, it was projected that a raw water TOC concentration < 3.0 mg/L and a bromide

concentration < 100 pg/L (0.10 mg/L) would permit compliance with the TTHM target
concentrations in the regulatory scenario.
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43 OZONATION

The formation of bromate by ozone has come into focus only recently and the ultimate MCL
for this compound is of critical importance to facilities which have bromide in their source water and
are currently using, or anticipating the use of, ozone for drinking water treatment. Even small
concentrations of bromide (< 50 pug/L) can result in measurable concentrations of bromate after
ozonation. Therefore, the Panel carefully evaluated available data from the CUWA members, other
available literature, and ongoing research on bromate formation to evaluate potential source water
constraints. Based upon these data, the expert panel arrived at initial conclusions regarding potential
source water bromide concentrations which would be required to limit bromate formation within the
potential regulatory scenario in Chapter 2.

Unfortunately, bromate formation is strongly dependent upon the nature of the experimental
system design (e.g., bench versus pilot or full-scale). In addition, bromate formation depends upon
ozone dosage and residual, which is often specific for full-scale facilities, making the direct
comparison of these data difficult. Therefore, a bromate model (Ozekin, 1994) was utilized to
systematically evaluate the impact of ozone dose, bromide, TOC and pH on the formation of bromate
and thereby supplement the available literature (Shukairy et.al., 1994), data supplied by the Alameda
County Water District, Contra Costa Water District, Santa Clara Valley Water Districi, and
Metropolitan Water District of Southern California and the expert panel’s experience. The model
was developed from data from several source waters including water diverted from the Delta,
including results from source waters containing bromide concentrations between 70 pg/L and 440
pg/L. A contact time of 12 minutes was chosen and the concentrations of TOC, bromide, ozone dose
and pH were varied over representative ranges as discussed in Chapter 3. At each pH, three
ozone: TOC ratios were estimated to provide the following levels of inactivation; 1 log Giardia, 2 log
Giardia and 1 log Cryptosporidium. The dose of ozone estimated for these inactivations decreases
with decreasing pH as a higher ozone residual is maintained at the lower pHs. The results of the
modeling supported the initial conclusions reached by the Panel based upon the available literature
and review of the CUWA data. A more detailed description of the model is provided in Appendix
A
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Bromate formation is the limiting DBP (as opposed to TTHM and HAAS5) for the ozone
treatment and disinfection strategy specified in this evaluation. It is the opinion of the Pane] that the
controlling source water quality parameter for the formation of bromate, in the context of this
evaluation, is bromide. It is recognized that higher concentrations of TOC will result in higher ozone
dosages to achieve a given CT, and, as a result, may increase the concentration of bromate formed
depending upon ozone residual, bromide concentration and potentially other parameters such as

contactor design. Higher ozone dosages as a result of higher TOC also result in increased capital and

operational costs for ozone treatment. Further, TOC can also be limiting to the extent that the

biodegradable material, formed by the reaction between ozone and naturally-occuring organic mater
(NOM), is not completely controlled through biofiltration, thereby creating an undesirable regrowth
potential in the distribution system. The extent to which regrowth will be a problem is a function of
the distribution system design, as well as disinfectant residuals maintained and other water quality
parameters which are agency-specific. Nevertheless, sufficient data were not available to isolate the
impact of TOC on bromate formation, in the absence of variation in bromide, pH and other water
quality factors.

Based upon the data supplied by the CUWA members and other bromate formation studies

and the model results, the expert panel concluded:

1) A bromate standard of 5 pg/L is very restrictive at pH values above 7. At pH 7.8 (ambient
for some preozonated waters) it is projected that this standard will not be met and that a
bromide level of 50 to possibly 100 pg/L would be needed to meet a bromate standard of 10
ug/L for 1 log Giardia inactivation.

2) If the ozonation pH were reduced to 6.8, then:

. a5 ug/L level of bromate may be achievable with 1 log Giardia inactivation in the
bromide range of 50 to possibly 150 pg/L

. a 10 ug/L level of bromate may be achievable with 2 log Giardia inactivation in the
bromide range of 50 to 150 pg/L, or 1 log Cryptosporidium inactivation with a
bromide concentration of 50 to possibly 100 pg/L.

3) It is projected that if the pH were depressed to 6.5, then a bromide concentration of 100 to
possibly 150 pg/L could be accommodated while maintaining a bromate standard of 5 pg/L
when achieving a 2 log Giardia inactivation. For 1 log Cryptosporidium inactivation, a
maximum bromide concentration of 50 to possibly < 100 pg/L might be tolerated.

C—031031

C-031031



4) Limiting TOC concentrations were not estimated because of the limited availability and
robustness of the data illustrating the impact of TOC on bromate formation, in the presence
of bromide. It should be recognized, however, that higher TOC concentrations translate to
higher ozone dosages to meet a given disinfection criterion and thereby can result in higher
bromate formation. This is empirically validated in reviewing bromate formed during settled
water ozonation as opposed to raw water ozonation. When TOC concentrations typically are
lower at a given facility, ozone dosages to achieve a given disinfection requirement are lower,
and measured bromate concentrations are lower. Lower pH in settled water also helps reduce
bromate concentrations.

The expert panel recognizes that there are variations in bromate production data and therefore
looked for indications relating to threshold behavior. That is, evaluating source water bromide
concentrations which result in a clear increase in bromate concentrations for a given set of ozonation
conditions. Given some variation in the formation of bromate reported at lower source water

bromide concentrations (< 50 pg/L), the expert panel took a position of plausible conservatism.

43 SUMMARY

Table 4.2 summarizes projected source water quality requirements for TOC and bromide,
depending upon the technology applied. In reviewing the values presented in this table, it is evident
that there are various water quality constraints for TOC and bromide depending upon the technology
used and the level of microbiological inactivation required. As stated previously, which technology
- is implemented is agency-specific, and is dependent upon a host of constraints related to cost,
permitting issues and residual disposal. In some instances, lowering the ozonation pH with acid may
not be feasible as a result of the inability to transport and store the chemicals necessary. Lower pH
could also have an impact on the structural integrity of concrete basins, such as flocculation basins,
sedimentation basins, and ozone contactors. On the other hand, ozonating at a pH of 7.0 to 7.2 may
be possible without acid feed if settled water ozonation can be implemented. Existing plant hydraulic

conditions and site issues affect this alternative.
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Notes:

TABLE 4.2

SUMMARY OF SOURCE WATER QUALITY CONSTRAINTS®

MICROBIAL INACTIVATION REQUIRED

1 Log
1 Log Giardia 2 Log Giardia Cryptosporidium
Inactivation Inactivation Inactivation
TREATMENT SCENARIO /
DISINFECTION TOC |Bromide| TOC |Bromide| TOC |Bromide
STRATEGY mg/L) | (pg/l) | (mg/L) | (pg/L) | (mgL) | (ng/L)
Enhanced coagulation free <3.00r | <200o0r
chlorine/chloramines <40 <50 <3.0 <100 N/A® N/A®

Ozonation at pH 7.8 w/chloramines

NE® | NA® | NE® | NA® | NE® | NA®

Ozonation at pH 6.8 w/chloramines | NE® | <150 | N/E® <50 NE® | NA®

Ozonation at pH 6.5 w/chloramines | N/E® | <200to | N/E® | <100to | N/EW <50

250 150

1.

Source water quality constraints are based upon achieving 40 ug/L of TTHM, 30 pg/L of HAAS, and
5 ng/L of bromate using the treatment and disinfection conditions presented in Chapter 3.

N/A = Not achievable, At this time, it is considered that free chlorine can not inactivate Cryptosporidium
at dosages practical in water treatment.

N/A = Not achievable. Bromide concentrations would have to be considerably less than 50 pg/L to
achieve a bromate concentration of 5 pg/L. Data to determine the necessary bromide concentration
relevant to this study were not available.

N/E = Not estimated. Limiting TOC concentrations were not estimated because of the limited availability
and robustness of the data illustrating the impact of TOC on bromate formation, in the presence of
bromide. It should be recognized, however, that higher TOC concentrations translate to higher ozone
dosages to meet a given disinfection criterion and thereby can result in higher bromate formation.

The Panel is also aware of the significance of bromate in establishing limiting bromide levels

in this evaluation. There are many factors that contribute to the uncertainty surrounding the projected

numbers, including relatively few studies which have evaluated bromate formation in low bromide

waters (< 50 pg/L), variations in treatment conditions which may reduce bromate formation (e.g.,

using both pre- and post-ozonation to reduce ozone dosages at any single location), and potentially

lower CT values for ozone. It is the selected conservative (but plausible) level of 5 pg/L, however,

that most keenly influences the analysis. The rationale for this level (i.e., advances in detection limit,

the weight of the carcinogenic evidence, the precedence for THM and HAAS limits in Stage 2 at half

the Stage 1 levels) in this analysis may be modified by a variety of factors including:

An allowance for disinfection - bromate trade-offs (this is the World Health Organization
rationale for a 25 pg/L. standard). This may be critical if an inactivation requirement for

4-7
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Cryptosporidium emerges.

. A bromate versus brominated organic compound trade-off (i.e., addressing the difference
between DBPs formed with ozone versus those formed with chlorine).

. Evidence of a cancer threshold for bromate (investigations underway).

On the other hand, there are other potential regulatory outcomes involving 1) the regulation
of individual DBPs (rather than the groups of compounds represented by TTHM and HAAS) due to
the potentially more severe health effects associated with brominated compounds, 2) the addition of
other regulated HAAs (there are nine total) as analytical methods develop, and 3) the concerns over
reproductive defects associated with DBPs, which may lower the regulatory levels and/or peak
permissible concentrations (i.e., annual averaging may no longer be the basis for determining
compliance).

Given this understanding, if flexibility were provided to all agencies to implement any of the
technologies evaluated in this study to meet the potential future regulatory scenario, then it is
projected that a TOC of < 3.0 mg/L and a bromide of < 50 pg/L in water diverted from the Delta
would be necessary. The TOC value is constrained by the formation of total trihalomethanes when
using of enhanced coagulation for TOC removal and free chlorine to inactivate Giardia. The bromide

value is contrained by the formation of bromate when using ozone to inactivate Crypfosporidium.

4-3
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APPENDIX A
PREDICTIVE MODELS FOR DISINFECTION BY-PRODUCTS

A.1 THM PREDICTIVE EQUATIONS

Malcolm Pirnie, Inc. (1993) undertook a study on the formation of DBPs in chlorinated
waters over a wide range of TOC and bromide concentrations for the Metropolitan Water District
of Southern California. A S by 5 matrix of discrete samples containing incremental increases in TOC
and bromide concentrations were prepared and evaluated. For this study, water was synthesized
using low-TOC, low bromide Sacramento River water and high-TOC agricultural drainage water.
High-bromide concentrations were achieved by adding sodium bromide.

The database used in this study, consisting of niore than 900 observations, was constructed
based upon the results of the source water quality monitoring program and the chlorination
experiments from the 5 by 5 matrix. One portion of the database represented THM formation in jar-
treated waters and another portion represented THM formation in 0.45 um membrane filtered raw
water.

Three sets of THM predictive equations were developed during this study using a non-linear
power function format including total organic carbon (TOC), ultraviolet absorbance at 254 nm (UV-
254), chlorine dose, bromide concentration, reaction time, temperature and pH as independent
variables. The final TTHM predictive equation was based upon a portion of the database representing
THM formation in 0.45 pm membrane filtered raw water (approximately 650 observations).
Predictive capabilities of this equation was compared with THM formation in the jar-treated water

(approximately 250 observations). The final TTHM equation developed was:

TTHM = 7.21 TOC®® UV254%5% (C1DOSE-7.6*NH,-N)*2* TIME® S (Br+] )2
(pH_2.6)0.719 TEI\APOASO

[ =0.96, F = 2010, p< 0.001]

This equation was developed at TOC concentrations ranging between 1.1 and 7.6 mg/L,
bromide between 10 and 800 pg/L, contact times between 1 and 48 hours, and chlorine doses
between 1.0 to 16.4 mg/l.. The values for UV-254 to be input into the TTHM equation were
predicted using a relationship between TOC and UV-254 developed in the study as follows:

A-1
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UV-254 = -0.0224 + (0.0374)(TOC)
(2 =0.92)

Using free chlorine as a disinfectant, a chlorine-to-TOC ratio of 1:1 and contact times of 1
and 2 hours were projected to yield 1 and 2 log Giardia inactivation, respectively. A temperature of
20 ° C and pH of 7 was also input to this equation to yield the values in Table 4.1 in the body of this
report.

A.2 BROMATE PREDICTIVE EQUATION

The bromate model of Ozekin and Amy (Ozekin, 1994) was utilized to systematically evaluate
the impact of ozone dose, bromide, DOC and pH on the formation of bromate. The model was
developed from data from several source waters including waters diverted from the Delta. Source
water bromide concentrations ranged between 70 and 440 g/l with bromate concentrations ranging'
between 2 and 314 pg/L.

The model used has the following form:
BrO, = 1.63x10° DOC™** pH*** (O, dose)"* Br"” time®?

A contact time of 12 minutes was chosen and the concentrations of DOC, bromide, ozone
dose and pH were varied over a representative range as input to the above equation. Temperature
was held constant at 20 ° C. The bromate formation results are shown in Table A.1.

It is important to note that the model was only used to support conclusions reached by
the expert panel prior to using the model. The bromate model was evaluated to investigate
threshold behavior regarding formation at specific levels and to support the initial conclusions
reached by the expert panel. The results of the modeling should not be overemphasized. The
results of the modeling supported the initial conclusions reached by the Panel based upon the
available literature and review of the CUWA data.
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TABLE A.1

PREDICTED BROMATE FORMATION

Br

03:TOC at pH 7.8

03:TOC at pH 7.2

03:TOC at pH 6.8

03:TOC at pH 6.5

070 19| 13®

0.5%10.75%

2 2
100 13 24 34 7 11 17 4 7 10 2 4 6
150 17 33 46 9 15 23 5 9 13 3 5 8
200 21 40 57 11 19 29 6 12 16 4 7 10
2 3
100 14 26 37 7 12 18 4 7 10 2 4 7
150 18 35 50 9 16 25 5 10 14 3 6 9
200 23 43 61 12 20 31 7 12 17 4 7 11
3 3
100 15 27 39 7 13 20 4 8 11 2 5 7
150 20 37 52 10 17 26 6 11 14 3 6 10
200 24 46 65 12 21 2 7 13 18 4 8 12
50 10 18 26 9 13 3 5 7 2 3 5
100 16 30 43 8 14 21 5 9 12 3 5 8
150 21 40 57 11 19 29 6 12 16 4 7 10
200 26 50 71 13 23 35 8 14 20 4 8 13

Notes:

w o

A-3

Ozone:TOC ratio anticipated to achieve 1 log Giardia inactivation.
Ozone:TOC ratio anticipated to achieve 2 log Giardia inactivation.

Ozone: TOC ratio anticipated to achieve 1 log Cryptosporidium inactivation.
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APPENDIX B
CUWA MEMBER TREATMENT DATA

Data was provided by the CUWA members, including those resulting from the operation
of their treatment facilities as well as bench and pilot studies. There are variations in these data
which are unique to each treatment system. For example, some systems supplied data
representing ozonation of only raw water, while others supplied data with both pre- and post-
ozonation. The expert panel recognizes that there are unique aspects of process operation which
can affect the ultimate formation of DBPs. For this study, however, the expert panel defined
“unifying criteria” in Chapter 3 for enhanced coagulation and ozone which allow a comparison of
these processes and a systematic method by which to evaluate the impact of water quality

constraints on DBP formation. This appendix contains the data supplied by the CUWA members.
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bromate

i

Contra Costa WD

!

Randall-Bold WTP

Sample Bromate |Chloride [Bromide
Date (measured) |(daily avg) |(estimated)
(pg/t) (mg/L)  |(mg/L)
2/23/83 <0.5 72 0.22
4/6/33 <14 89 0.27
5/21/93 10 55 0.17
6/15/93 6 30 <0.1
8/18/93 8 25 <0.1
10/5/93 10.3 60 0.18
11/17/93 30.4 142 0.43
1/4/94 1.5 70 0.21
2/9/94 4.6 70 0.21
3/1/84 2.8 55 0.17
4/5/94] 7.3 77 0.23
5/10/94| <3 57 0.17
7/12/84 <5 112 0.34
8/9/94 <5 133 0.4
10/4/94 51 158 0.48
10/10/94 | 33 118 0.36
11/1/84 15 150 0.45
12/6/34] 13 162 0.49
1/10/85; 57 84 0.28
2/14/951 17 80 0.18
3/14/95| 7.6 35 0.11
4/4/95i 18 105 0.32
6/13/95] <5 40 0.12
7/11/85 21 32 0.1
8/8/35 7.8 32 0.1
9/19/95 <5 16 <0.1
10/3/95 <5 14 <0.1
11/7/35 <5 16 <0.1
12/12/95 <5 23 <0.1
2/6/96 <5 40 0.12
3/5/986 <5 117 0.35
Note: Ozone dose currently  |optimized |for coagulation,
not bromate (production,
Conservative ozone doses: pre-ozone [2.5-3 ppm |(raw water
[ post-ozone [ 1ppm (filtered)
Plant CT operating |from 2-5
Page 1 of 1
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ont
ty ID: CCWO: Randall-Bold WTP (ACWD, CCWD, EBMUD, MWD, SCWWO) T | {
1 ] I 1 1 | ] I [ —
1. Study 1D: Ristoricatl data 7/1/95-6/30/96 {Optimizalion Study 8/95, elc} 4. if blended source water Indicats
] T | | T ] | i _ saurces and proportions:| ;
2. Source water: Defla (Rock Slough) (River, lske, groundwater, eic} Source %
| I I I [T L
3. Source water ID: Cenlral Valley Projec! Waler (State Project waler, blend of...., elc))
. | ] ] [ -
. Describa level of study: Bench-scale ,I — —_—
{iindicate with an 'X’) Pilot-scale
| ] x |Full-scale
WATER QUALITY DATA: CONVENTIONAL+OZONE _
| | | { |
Date Time T0C Uv-254 Broride -
flem — Cht
Raw_ m.n._,.: .,o,:s, Fiit. | Raw m._A__. 1 clwg. FhL. | Raw | Seitl. | Ozon. | Filt. Toll chim Raw w:M__, ‘Wg T B “H.n:[zzug_ (my
e Raw [ Setll. | Ozon. Owom | FOL |1 - . et { Ozon. } FUL | Raw | Seif.
7110195 57 37 21 42 43 <01 pr
—_—— sl —— .22 0.1 0
#7795 35 N 20|75 S i SN EAL 8% [ 15
Siiims A 5 AT E _ 5 Ty T[T B
s 3 e - & —|— = A ] 037 |18
TS5 EL) 7] 43 ] i T AR ] . 12
124195 3 55 35 57 55 o1 Aa,_ s 033 [}
178196 55 82 40 73 75 o1 ST o7 ”“m Mw
245196 89 71 36 99 %0 !If 13 CXI) oy 55T 5
314196 5.1 107 a7 190 181 031 56 <01
4119 78 83 53 78 Al — ~7 Ty CXIN
5/6/98 69 51 110 115 - 022 R T 0.40 70
673796 41 _AT_ 35 61 85 013 5T <51 e MM
Note: Form 3 set up for conventional filiration and intermediale ozone.
CCWUD's Randal-Bold WTP has prs & post ozana and direct filtration.
_ Raw = Pre-oz I _
Fil = Post-oz
Seltl. = Applisd
N/A - nol applis I ination is only done afler posl-ozone process (afler filiralion)] . U

Page tof 4
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2. Sourcy —
3. Sourcy
WATER )
Dale |ride 108 Turbidity pH Temperature Bromate
£ {mg/L} (NTU) ) {deg. C) [pplt) Colforms G
Ozon, | Filt, Raw | Settl. | Ozon.| Fit. | Raw | Settl. | Oxon.] FilL | Raw | Setil. | Ozon. | Filt. Raw | Satil. | Ozon, _Ft | Raw | Settl. | Ozon.| Fiit. Total Feeal (cyst
(%160mL) nh:okr Raw [ Setti.
Raw | Settl. | Ozon.| Fill. | Raw | Selit. | Oron FHt. N
7110185 i2 80 110_| 968 | 8.78 0.032] 745 | 674 656 | 241 239 N T T 9 7
N1195 12 70 110 | 10.87] 3.14 0022 743 720 648 252 250 78 65 0 9 ]
@195 i1 110 90 | 450 | 2.19 0.025| 7.57 | 7.4 681 | 237 230 <5 77 o s
T107218% 1| 100 120 | 360 | 2.40 0.027| 755 | 7.35 703 | 227 220 S _| AT [ [ B
11085 H 90 120 | 252 | 4.48 0.015] 773 [ 7.21 731 | 180 170 <5 IT] 0 3 _—
1274195 2 100 130|267 | 2.79 0022] 782 | 746 73 | 165 152 <5 | &5 9 3
116/96 33| 140 186 | 5.70 | 6.20 0026 752 | 705 681 | 130 120 <5 | &1 ] 1 5
375796 61 200 300 | 6.25 | 17.25 0026] 78 | 7.12 704 | 140 128 25 37 ) 3 Te|—
4196 110 | 390 390 | 4068 | 623 0062} 788 | 7.14_ 701 | 140 130 5 10 ) )
1196 280 330 ] 3837 308 0019|803 | 724 736 | 168 160 <5 [ 3% 5 ] 5
56/96 62 250 290 | 9.25 {1030 0.018| 783 6 81 671 210 210 e Aml 42 ) 16 N
63196 73 120 140 | 855§ 574 0.020| 7.59 7.09 7.18 25 235 <S5 28 [1] [)
i
| S
|
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C-031043

[ty 1D
1. Study ;
2. Source
1, Sourcy
WATER
Bate P P - Chiorination conditions
dia Crypto. Viruses HPC Filtered TTHM
1001} {oocysts/100L) (#ml.) {CFUImL) Indi disinfectant(s) | Chlorine A I Incububation time Incub. | pH [ Residual {pgh}
Ozon.| FIH. Raw | Bettl. | Ozon. Filt. | Raw | Setti. [Ozon.| Filt. | Raw | Settl. | Ozon. | Filt, used with an X’ duss dose {h) temp. Raw | Selll. {Ozon.| Fifl
chiorine | chioraming | g CI/L] | {mg NHI.NA) | _chiorine | chloramine | (deg.C) |1 () | (my i) X N
SIS ;) 0 2100 1 X 307 22 8.07 1.00 0.8
Rt 5 330 1 X 387 337 | 900 | 087 <05
51195 750 3 X 158 055 217 25| 908 | _io4 <65
1002785 510 0 X 1.7% 0 60 27.1 238 8.41 106 <05
1146/95 1350 0 X 1.71 0 56 203 17 505 0.96 <05
T ) ) BID 1 X 1.76 0 58 27.% 15.8 8.4 1.23 <05
% 5 5 ) 520 2 X 182 068 3235 123 889 110 05
S 8 880 (] X 152 325 122_| 882 04 <5
il 250 5 X 159 45 125 | 854 108 <05
L 5 5 5 510 i X 177 203 156 | 868 108 05
e 5 3 8 130 ] X 139 813 7205 | 856 112 0%
o6 2950 ] X 22.2 876 119 <05
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o :
Uitlity ID
1. Study
1. Sourcy Indl ] died:
D] Coagulant Chemical I Units
3. Source i Alum
2| CalPoly
3j Non-lonic
4
Post-Ozons
WATER TREATMENT CONDITIONS _ Stagss — P
| 1 Pre/Post | 11213 | Stage
Date Disinlaction By-products Coagulation Cor . Ozonation Conditions
HAAS HAAG TOX Coagulant Dose Acid Base Cozq. | Co3g. | Oxzons | Ozope | Contact| Ozene | Orzone
{ugiL) (peL) {pg CHHL} o adjusted? | adjusted? pH tsmp. | dose | residual| time ™ temp.
Raw | Selil. | Ozon.| Fiit. | Raw [ Setfi. | Ozon.| Filt. | Raw | Settl. } Ozon.| Filt. | (see sbove) {YIN) {YmN) {} {deg.C) | (mgh} { {mgi) min) i) {deg.C)
3770/95 <2 17213 N N 674 24.1 .36/.23/3 141 731 182
87795 <i 17213 135/10/01 N N 721 252 125705342713 1.83 8.56 239
8711795 5 17213 |35/1.0/00 N N 74 237 ]181/03106/050] 998 6.48 250
o095 < 11213 |57112/00 N N 125 227 [1.8/029|07.00( 1248 6.81 230
118785 <i 17213 |65/103M0 N N 721 180 | 155703} 16/09/0 | 9.36 703 | 215
1274195 <1 1/213 | 99/1.0500 N N 746 185 19704 [14/.10/10 12.48 136 15.2
11896 2 172713 | 4471002 N N 7.05 130 12.85/0.3 {12/.04/0 1498 6.81 120
375196 <2 11213 {4981.002 N N 7.12 140 [3.12/04 {.26/.16/.1 14.98 7.04 128
374796 <2 17273 {77.9/2.0/0.49 N N 7.14 140 325711 1.19/06/0) 2139 7.01 13.0
11196 156 11213 | 550.830.1 N N 7.24 168 1287054231401 9.36 7.38 18.0
5X6/96 25 1/2/3 [40/0500.0 N N _681 210 1240/04 [36/.24/2 KR{] 6.71 210
673796 <2 11273 12710.480.0 N N 7.08 235 1153704 {26/.13/.1 3.40 7.18 235
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398 a1 |47 ® {87 & _| ai w01 | @i oE|T S N T 146|855 | 5T oo | Tse |78 uu n..
Hole® ‘i'lﬁrgni!!giiola I— i
. mg.- Wancal Bokd WP has pce & post exane ard divect fération 1
. _n.: Freat T ] _—
»  |fR_=Podoz I a—
Se8_ = Apphed
m».lﬁtolmt*lgrﬂg;ﬂ ol-ozo0e W; ation ] T —
Al Borws, iba plard b been tpersizd 1 star siog manes resuling in bighet ozonw doses {snd bromate) han weld —
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ity 1D: EBMUD TACWI, COWD, EBMUD, MWD, SCYWD]
[ N A S I ]
i Study ID: ] EBMUD Alemate Source Study {Omimization Study 875, sic )
I i1 1 I ] |
1. Source waler: {American) River {River, iska, eic)
] | I
3. Source water ID: (Strle Project water, elc)
I ] 1 |
5. Describe polnt of reference far ‘which water quaiity data are being supplied, 1.e. up and amof|
City of Sacramenio combined sewage discharge, stc.
Nimbus Dam, American River
I ] ]
] | 1
L] ing data on t ges In plant raw source walsr quality, use upstream column.
i ] i i I
WATER QUALITY DATA: RAW
— ] ]
_Date_| Time TOC 1 Alkatinity |  Hardness Bromide | Aomnonia Chloride D8 Turbidity pH T T >
~_{mgi]  {myg/t 33 CaCO| {mgl a3 C2CO) (pg) | (mgNHINA) | (mg CI/L) {mgit) Wiy i Enu. <) |mm.=qa3:
3 Upstr. | Down. [Upsir.[Dawn Tolal Upstr. | Down, | Upsir. | Down. |Upstr[Down| Upstr. | Down. | Upstr. | ‘Down_ | Upstr, | Down. | Upsir| Dawn. Tolal Eecal
Upsir, | Down. —_{WigomL) Wiioomi)
AT 37 EF] 33 PTYIT 5556 T 5 5 5 5 chmoz Down, :Ju__ﬁ Down,
714789 18 31 32 <003 [T} s || sd o8 TiE 3 %0 i
EIELD 28 3 35 <002 001 L st 3% 3% T i 6
e 1.8 27 28 <005 0016 3 CEI N ) ~31i i5 ~5% 5
EiE 19 24 25 <0.05 <0 G605 k] 50 i5 78 18 210 30
sy i9 2 22 <0 0§ 0.04 I a5 11 76 T 75 %
wioise 23 25 120 13 a7 132 - T 5
Sigres 120 ] It 255 =
88 14 Ell 22 <003 <0005 Z 38 0.7 75 LN D N I )
Wi 35 24 21 <0.05 0.005 8 i 082 74 245 ) 80
w3578 14 21 F) <601 I XL e T 7% = 350 35
FELT] 17 i 21 0.01 <0.005 2 a1 KA A 18 & %
JEGRLT] i3 29 24 <0.01 0.0} 2 A7 25 7 11 1i00 300
1z 5350 S
1722150 13 23 24 <001 <0.005 2 [0 13 76 0 110 Tio
om0 18 25 28 <0.02 0.007 [ 50 55 73 5 % %
7570 i3 38 32 501 5 57 i X (K] it H
iR/e0 12 3 20 <0.01 <0.005 ] 53 057 | 178 175 0 50
§21%0 14 001 3 51 054 280 —
750 13 77 27 <005 403 3 51 038 75 178 T80 )
718790 i3 <0.01 4 [0 05 31
8720/90 (X} 002 2 43 35 —_
Bi{7R0 T4 001 2 39 095 5
015790 5 21 3 0.1 2 40 0.77 73 50 % 55
101570 8 22 20 <0.01 58 5 %
1128190 -5 <00V [) 43 K2 I 550
1F1700 V.5 <0.01 4 47 33 75
1181 1.2 25 21 <001 3 34 13 78 o 5
el i3 27 ] 8 - =
PICH 17 30 25 0.02 6 50 41 iz 13 130 5
ELL]) 23 27 32 0.01 601 4 58 34 78 iz 700 500
e 008
[E5] 32 38 3% 0.01 001 4 88 - Y3 7 % =
520091 K] 32 32 091 <0.02 2z 58 8 lsa igs 800 C o
(K] 2 26 <081 3 LI 18 ik s T 1
[E] 28 25 <0.01 2 50 12 78 205 0 mw
1.7 32 3 -3 s 1% ¥ : o5 =
i3 id ha
15 27 2 <001 2 48 1. mwEIT
18 F1] % - 3 i : - 22 % 5
24 22 <0.01 3 55 ) 7
i3 - e Al 350 3
i8 25 2i 007 002 3 (5] (K] —
<01 T4 25 110 ]
14 — -
27 25 ﬂ.a_m 00i |_ I T 13 78 = % 5
17 F 23 <005 T2 T | A 5T 7§ Ti % =
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cony

[Utinty iD: T ACWD [(ACWD. CCWD, EEMUD. MWD, SCVWD)
N (S N » i [ T T 1
1. Stuay ID: | | ! t (Opumizauon Stugy 8/95 aic.)
| i | 1 i i
2. Source water: f | f (River. lake, groundwater, tc.)
| ) |
3. Source water ID: f 1 i (State Projact watsr, blend of...., eic.}
] ! ] ] 1 !
5. Describe ievel of study: Bench-scale in this data sheet, "Fill." refers to gata collected
{indicate with an 'X’) Pilot-scaile after coaguiation, floccuiation, sedimentation, and
T Full-acaie filtration. | iN ]
l
6, indicate with an ‘X' if data reported as “Flit.” are trom sampies coliected after sedimentation onfy: Jl
1 [ 1 | or after sed jon and filtration:
WATER QUALITY DATA: CONVEN'HOINAL T T T T
1 { | 1 i
Date Time TOC Uv.254 Bromide Turbidity Temperature Disinfection By-products
(mg/L} {tlcm) (pg/L} {NTU}Y {deg. C} TTHM RAAS HAAG
Raw | Fitt. | Raw | Filt. Raw Fitt Raw FI Raw | Filt. (pg/L) (ug/L) (pgit)
Raw | Fiit. | Raw Fiit Raw Fiit
i
E730/95 43 ) 27 16,2 B64 1
8/6/95] 4.3 2.0 40.0 28.0 658 | 28.8
67137851 3.6 1.8 42,0 14,9 67.3 | 40.2
6/20/851 35 1.8 60.0 15.6 86.3 | 440 48.0
6271981 3.8 20 80.0 13.4 76.7 | 49.6
714185 4.2 23 1 17.4 733 1 45.2
7111195 1 4.1 2.1 | 58.0 23.0 72.3 ¢ 43.0
711885 3.8 1.9 | 50.0 19.5 73,5 T 459 .
77251951 24 7 T 72,6 21.2 726 48.0
B8/1/85( 41 22 | { 650 133 78.2 ¢ 48.0
B/8/95 3.6 19 | i 50.0 | 11.5 76.2 1 49.8
8/15/951 L 3% 4 20 | | 600 114 | 77.0 | 58.8
822195 | 3.2 22 | 550 | 10.6 756 i 58.9
8/29/95 1 | 500 | 11.5 71.2 | {
9/5/95 34 20 | 810 | <20 | 125 705 | i 61.1 37.0 440
8127951 4.1 33 | 420 | 120 | 23 | 68O 86.8
9/18/95i 40 | 32 ! t 500 <20 2.2 B8.4 | {859 58.0 65.0
9/26/951 40 | 28 £3.0 | 100 8.3 67.9 | T
1073785, 41 | 28 490 [ 170 50 641 1 55.4 43.0 45.0
10/10/857 43 [ 30 440 | <40 44 | 626 | 72.0
10/17/951 42 | 1 430 1 6.6 | 630 | i
10/24/35/ i 38 | 28 | 470 1 140 43 | | 619 1 i
10731735+ I 38 + 25 1 | 450 1 120 6.5 617 | | 1 5BH( 350 400
1177785 38 ; 26 , 019 (007 ] 470 | 130 53 58.9 | [ ] 72.1
11714/85, 43 © 31 | 018 | 380 [ 2o i [ 460 ! 52.0
11721/95, 34 1 33 10187 010 420 | 160 ] }
11285, } ! © 014 U 010 86O 1t 160 | ] 55.5 i 230 280
12/5/95; | 44 i 34 | 013 ] 009 | 1.6 585 | 731 T
1212954 y 4% i 40 4 032 ¢ 00B | 9390 1 <20 2.2 58.0 7 | 6.0 62.0
12/19/851 | 47 § 37 i 014, 01D 380 | <20 3.8 558 ¢ 733 ]
12/28/85, V39 1 2.0 1 0121 009 g7.0 1 240 7€ 525 ] 310 | 38.0
1/2/96i 133 21 013 1008 150 36.0 3.6 53.8 i 64.6 1
1797061 i 64 37 1024 ;010 110 310 4.8 527 ° 752 54.0 83.0
1/16/961 i 84 35 | 0271011 87 24.0 4.0 51.4 80.0
1123/96] 3.0 2.4 0.18 ; 0.16 83 | 50.7 ]
1/30/961 3.5 32 {020 010 20.0 ! 514 {778
2/67561 56 36 | 020 011 i i 1 75.0 ]
/131961 56 36 1 047 ; 008 | 76.1
27200961 58 36 | 013 | 031 | i 88.0
20270961 58 3.0 020 ¢ 011 72.8
3/5/961 0.0 31 0.22 | 008 14.0 80.7 54.0 57.0
2% 58 3.1 0.21 | 010 <20
3/98/98 55 34 | 0221 010 <20 61.3 48.0 52.0
3926155 53 3.3 0.21 | 0.0 14.0 813
472/96¢ 0.20 | 0.08 57.2 31.0 38.0
47197561 | 0.29 1 0.08 | ] 94.7
4/16/96] 44 30 1020 010§ <10.0 T ] 58.0 68.0
4/23/96: 42 | 28 10211 008 28.0 i 71.4
47307961 2.4 I 0.09 34.0 76.7 41.0 52.0
5/7/96 37 26 | 0201 008 41.0 733
5114796 3.6 28 10211 008 45.0 85.0 43.0 55.0
5121196 0.08
5/28/96 3.8 2.1 0.22 204 523 34,0 41.0
8/4196 36 23 | 022 1 0.08 24.6 70.4
6/11/96 1.9 { co8 17.2 80.1 38.0 43.0
6/18/961 1.8 | 048 ) 008 10.6 53.9
6/25/961 138 | D.08 25,2 43.9
7727961 3.2 2.0 i 204 64.8
(eSS 13.7
] 1
I
| 1
] ] ] ]
¥ i | I [ [ | |
Page 1
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preczone

ACWD

TACWO. CCWD. EBMUD, MWD, SCVWO)

Uity 1D I I I ! ( 1
{ i ! ! ! ! )i t ! ] f | 1
1, Study ID: Foutine Manaonng (Optimzation Stdy 9/85, et 4. 1t biended source water indicats !
T T ] ] | i ] 7 |sources and proportions: | }
2 Source water: Ravet {Rives, lake. grouncwater e1c.) Source % 1
{ ! | I i ! Il I
3. Bource watat 1D: Soum Bav Aqueduct (Stale Proect walst, breng of .. . sic t
| ! ] 1 | ]
$. Describe level o study: Banchscate 1 this cata sheet, "Filt." rwters 10 vata coliscted
iindscate with an ‘X') | Plict-scate afier N and
| | X JFuliacaie firstion, 1 ] T
1 { 1 I I 11 !
S, Indicas with an ‘X' i1 data reporisd as “Fit." sre from aner oniy:
T | 1 Tor sfiar sedimentation gnd fitration:
|WATER GUALITY DATA; PRE-OZONE] T T T
1 T | 1
Date Time YoC Uv254 Alkslinity Hardness Bromide Chioride urbidity
) :mnﬁ {mgR. s CacO%) (gL as CaCO3) CiaL {NTU)
Raw | Ozon, | FiL Raw | Ozon.| Fil. Rsw | Oron. | Fiit. Caiclum Raw FiRt. Raw Ozon Raw | Ozon.] Fiit
| Raw | Oron, | Filt, Raw | Ozon.| Fift
T :
13785 54 34 82 B4 132 108.6 8.77
A0S 2.9 2 [ 104 70, 3000
1717/95] 7 %] 13 438 162 100 & 41 68 80
1724705 9 14 162 168 800 EX) 5070
131785 4 7 188 54 0.0 25 5600
TS X3 X 18 o2 160 6. 36,50
UV4RE 4 4 152 162 140 73 [ 28 10
2021785 3 5 352 8¢ 142 72 4 2430
FYrl e 4 ki 158 8 144 55 3 30 80
i “ 7 122 120 338 33 3 3.20
/147! 5 1 I X 1261 Y4k 500 34 1740
2179 [] 3 ! 10; i 98 | 12 %00 45 2120t
| anems 1 3. 128 IKE I 200 3] 6150
| arars] [ 3 54, TR 143 T 170, w0
eS| 9_1 57 EX 98 | T 112 1 120 ; 200.0 - 75
4187951 6 ! 53 108 | 112 7126 ! kK] : 41
4725/85 1 | 57 ) i g4 | %40 i 120 [¥]
572/95 1 3 1 R T D6 1 128 87 ) 144 O
5//851 1 .0 76 88 | 108 00 470
516/51 43 70 % [N 600 . 34
52951 47 i ' &t VT2 1 80 ] 400 1 EEY
30751 38 ! { s6 t T 58 | 82 T ] 30,
6805 [ 44 X ] 1 | [« 1 € ] 400 T 24
137851 134 1€ ! a4 | 44 1 50 i 42 25,
I ®&20051 33 18 1 38 ] T 46 156 €00 1 80,
/271951 3.7 18 ! 48 526 80 58
TIA185 2.7 1. T 42 501 56 40
711195 2 1. 1A T 46 | 60 1] 26
711895 4 1. y 40 T a4 | a7 50. 25
1125/95 1 1 a5 | 531 56 72 18
(LS 3 1 A9 ) 51 54 65 18.
5 [BKE 0T 52 a1 t 80. 26.
815195 2 LY 4 50 52 ¥ i 60 25
2R ! () 54 5% o0 55 a7
8729795 W [ 14 ] 85 81 54 1 50 23
B5U5 | 7 4 A 1.5 15 66 [T 81 <20 25.
Wi2es T A4 | 23 106 | 132 127 | 420 <40 28.
B/8I65 45 1 3 i 12 | 128 114 i 500 <20 31
| en6ms 42 ' 42 3 9% | i€ | 100} 1 53 <20 30 008
198 4% | 44 1 24 [ B 110 | 49 <40 52 0.07
10410/88 ! 4. 7 103 | T 108 04 ) 44 =4 3 bos
1074751 42 | 31 102 V | 43, <2 1200 8
10724795 ( 39 37 [TH] 1 | 47. 12 [ .07
10737951 I 1 50} ) 45 <20 n 7
RGN 3 008 |88 7T 7. <20 20, 7
117147851 42 3 07 i 114 | 3 10.0 5.0 06
A1723/3% 3 .2 07 | 106 ] 42, <20 12.0 7
11728785 i 1 08 | 54 1 3 <20 37.0 .08
1212795 46 | 43 4 33 ! .07 ¢ 156 ] ET) <20 140 08
12/15/95 46 | 37 t 33 ! .07 137 1 t i 38 <20 30 ]
1226785 R 33 N7 .06 34 ; - ! 97 <20 5.0 08
72798 4 40 1 [ o7 66 ¢ 150.0 <20 50 .07
70136 4 4 | .07 T 4100 ¢ 47.0 44, .07
1118706 4 2.| { 13 T 37.0 <20 50. .87
12396 X o8 { 7 4D 10.10 of
13096 4. 3 07 | 110 28 2100 .08
26788 . 3 34 08 | 7 21 1370 7
11395 « 4 .03 | 90 17, 3.00 1 .08
312796 5 R 21 <20 1 3207 0.0
L dane) 4 10T 06 7. <20 14 71401 C7
326198 | 8, 88 A1 <26 4.00 « 07
4res| 3. 54 D [ 84 <20 - 20 .05
4561 X 3. 22 .09 58 219 54, T 0.06
4716/ 4 3 4 10 652 £ 1 102 950 11.0 30. .07
423156 4.0 41 } .08 0 & i 100 110. <10 54 08
AR08 37 3% 1. 09 50 54 o8 120 <10.0 80 .08
87198 3.7 37 1 .08 |50 52 [5) 140 20 [TX .0%
5114796 3.7 38 1 008 | 4 3 88 130 <20 81 06
521738 1 [ [ 102 48, 07
SRS } 38 3.0 17 N ]| 6 64 108 79 <t 28 .08
84198 I35 34 1 08 50 54 7 75. <1 16 15.80 .07
8111796 34 33 11 .09 | 54 [1) £3 6 < 31 16 80 07
| Srams | 38 37 11 .08 58 73 82 59. < 32. 38.00 .07
L 872506 i 32 i 30 1 16 ! 63 74107 1 ! 52 138 13 1970 08

Page 1 Q.ﬁ W
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preczone

[Guiry 1D ' P T t 1 1 t
i 1 1 i 1
1. Study O | ] 3 {
i I
2. Source w 0 T
] ) i
3 Source W 1
1 i
&, Describe: ]
fiindicate w
4§, Indicate
WATER QU TREATMENT CONGITIONS
' I 1 T ]
DOate pH Tamperaturs Bromuta Disintaction By-progucts Ozonation Conditions
i deg. C} L) TTHM HAAS HAASE Oicne | Ozons | Contact | Oxons | Ozone
Raw | Ozon | Flt | Raw | Ozon ' Pt | Raw | Ozon.| Fin. ), gLy ) dose | rewiduai|  tme pH wmp.
: ; Raw 1Oron.| Fift | Raw {Ozon 2 Fitt. | Raw jOzon.| Filt | (moh) | (mgh} {mimn) {} {deg. C)
|
SSS 7.7 70 . 88 7. [] & 2 3 X e
1710785 87 | 10 7. 3 3 o4 X 108
1717125 70 1 11 4. 5 5 7 .44 X 113
724/85]_ 8] | 11, ) ) 40 316
1131795 . 44 .37 .6 11.6
27IRS . ) 1 9 3 12,
23415 . 54 s - .83 4 1D
2721795 U 1 48 X 58 2 0
27285 4 ) 41 5.1 [ X kY] .2 1.
ATRE 8y ) L 7.2 |12 1 13 86 [ 12
3141855 81 | 1 71 1 1ws i 3 F 4 [ .7 Te 7 X
21e51 8.2 | U7 120 { 60 1 ‘. | ' | 4 | 7 D 6% 73 12
2095 a ! I 70 4 12 RN 1 3 i | 4 ! 3 i 2 ) ¢ 11
draes! 8% | | 70 t 160 i 120 & 828 i [ i ) B 4 118
ANS951 86} 171 4 183 ) | ] 3 | 15 ! .73 ¢ 5 15
AB/B51 83 T IR ) i 90 ! 49 - { ' 5 [ 14
A25/B5, B4+ P71t o15s 80 | 65 1 ! ! 38 062 ¢ T4 155
52951 82 72 1 157 1 [ X i ' [ 3 R S5+ 7.2 157
S/A/5, 8.2 S 1681 i ! §33 1 i ] P4 ] 60 1 i T4 16 1
S18/85: 76 & 1 65 ) i i B4 1 i EIE] " 077 1 i 75 1 165
S2WR5) 7 6 18D ) } l ] 3 { ) ) T 718 | 480
S730795) 7.9 i 193 | T 1 50 | | q ] |42 . 052 1 T 77 ;93
6685 65 190 1 : i T 61 | 1 ¥ 1 ] I 33 | OB ) 74 | 190
64051 74 | 192 \ { 1 50 ¢ { U i i 60 | 7 t 182
6051 75 6 1 191 1 v 1 . T &7 3 ! I _o8v ) [ 191
8/21m5) 78 6 i 248 | ( | 63 ¢ ] .3 ! 081 i 7 240
AR T4 4 . 220 | | T 56 | | 4 i 47 2.9
MRS, T2 3 . 27 1 3 | | I 4 (L 27 ]
748851 T4 ! 3 w2 10.0 L3 : 41 4 052 32
TRYBST 15\ « 1 246 ¢ 3 | T3 7 <2 | 042 e
81851 76 | 2 ( 258 ! 1 ] [ t i 30 229 |
BR5| 771 1 .5 45 | | | 3 ] ¢ [E 245 |
B5R5T T4 1 54 | { ' ) { t 4 1 52 | 254
QRS 77 ) 44 | ] 3 i ¢ [ P22 4 28 24
87290851 16 | 20 10. ] ! 1 2
9/SR5! ! 216 | < 3 33 10 7 34 22 o4 216
Q712,951 + i 194 1 60 | 154 328 { t R .20 24
9119785 i 1 TR 210 | 4. 138 [ 4 3 5 65 0
0267851 1 | 189 * <5 | 23 i A 1100 . 7
o856 1 KN T <5 ' 50 | 11 €1 | P4 5 7 82 2 1
10/10/851 8. 9+ 168 | | < <5 | T 58 | T 1 € 76 4 7 1
10/4785) 7 8 11793 1 [X <5 | | ] | 8 56| 1 17
102451 714 | S . 167 1 « <5 | | ¥ii 5 16.7
/3RS 75 i $ . 66 i < <8 | 37 3 ) 2. 5 75 V8 E
i7RS. 16 ) 154 1 \ < <5 5.2 [ 76 54
1979475 77 [ 150 ° ] < <5 | < 5 | 107 7. [IRL]
[ n2weEl 76 | 69 ' 150 } t < <5 ] 1 3 7 T 15
| 117285, 8.1 ;87 1 146 ¢ ] 40T <5 | 3.0 4 5 t 085 v 7 (I
12/127 17 T_70 1 s | 1 <5 ¢ 5 7 5 41 065 | T 78 ] 4l
124108 78 2 ' 135 <5 1 <5 8.2 3t o7t [k 13
1272671 77 e <5 <5 2 3 1 50 70 [
32796781 126 < 60 45 3 43 77 126
7617 . < 60 0 5 7 X 3 8.2 1.2
nemsi 7. 88 ) 108 i <t <5 122 X 50 78 10.8
238611 54 [ 102 1 5.0 . 78 [X) 10.2
| 3omst 7 108 | 328 [ 2 1
2USNE| 1. 116 58 \ [ 5 1
21367 7 118 ! 52 .5 .50 1 1
WIUE| T | 17 < LX) .86 23
WS 79 ! 12 <t < 67 5 6 30 .68 27
3266119 | 3 1 < <€ 54 1 41 0.61 7 132
a2/m6 7.7 1 4 1 < (] 3 4 3.4 0.95 T4 15,3
ARRG 82 6. 1 15.0 28 | 4. 0.7% 75 16.3
AB/961_ 7.8 7. 15. 35 2 3 033 77 183
| 4a2ame 3 6. 1 80 | 90 [ 23 1 .65 7.0
ARONS| 82 1 1 150 |12, 13 3¢ ) 75 1
SARS|_ 85 193 R 14 F13 54 1
5114798 0 19.8 135 | 25 58 2 3 90
521796 1 2 .89
s28081 7 a7 4.5 1 2 3 .54
As: 7 4 | 24, 12.57 ] < 3 i 3 54 4
/117961 T4 5 2. <K <4 4 1 2 2 0.31 72
B8] 75 7 1 214 <4 <A 8 i 0.35 14
[ _Snsesi 77 [ 20 7 k5 | <48 | 18 | 045 1 207
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C—031051
C-031051



Enh.Coag.Data

Utility ID: ACWD (ACWD, CCWD, EBMUD, MWD, SCVWD)
, _ I ~ | [ [
1. Study ID: Enh. Coagulation (from EC study data) (Optimization Study 9/95, etc.)
T 1 _ i | 11
2. Source water: River (River, lake, groundwater, etc.)
| _ _ [ _ ] N [
3. Source water iD: South Bay Agqueduct (State Projsct water, biend of...,, etc.)
I ! [ I I
§. Describe leve! of study: Bench-scale in this data sheet, "Filt." refers to data collected
{indicate with an X") Pilot-scaile after coagulation, floccuiation, sedimentation, and
X Fuli-scaie filtration.
6. Indicate with an 'X' if data reported as ..m:r.ﬁ_d from samples collected after sedimentation Qnly: X
i | 1 ] | or after sedimentation ang filtration: F3
WATER QUALITY DATA: CONVENTIONAL
| 1
Date Time TOC Alkalinity Hardness Turbidity pH Temperature
{mg/L} (mg/L as CaCO3) {mg/L as CaCO3) {NTU) {) (deg. C)
Raw Filt. Filt. | Raw Filt. Total Raw | Filt. | Raw Fiit. Raw Flit
Raw | Filt Raw Filt.
(settied)| (filt) | {seftied)
3.2 1.9 104 132 11.5 2.2 7.7 21.2
3.1 2,1 105 118 6.0167 1.} 8.1 20.3
3.7 2.8 2.4 112 120 4,85 1.7 7.6 17.3
4.0 2.7 2.3 127 150 2,1667 0.8 7.8 18.1
3.6 2.6 2.5 128 144 241871 23 7.9 18.9
5.8 4.0 3.4 152 142 24.333 | 69 7.9 10
I 5.6 4.2 3.7 158 144 11,933 | 44 | 84 1.9
5.8 4.1 3.7 127 134 8,2833 | 24 8.1 11,3
8.1 3.8 3.2 110 144 17117 39 8.2 12.5
5.8 3.6 2.9 102 120 21,233 | 26 8.3 12.4
6.1 3.3 117 134 76.667 | 134 8 11.8
5.8 4.3 3.6 86 116 13.633 1 2.7 B.6 15
5.6 4.0 3.1 87 124 8.9667 | 26 8.7 14.6
5.8 4.2 3.5 28 118 11.55 | 3.4 8.5 15.5
5.3 3.7 34 105 126 10.783 | 3.3 8.3 15.7
5.1 3.7 2.8 78 108 8.6833 [ 2.5 7.9 16.1
3.2 2.00 104 132 11.5 2.97 7.7 21.2
3.1 2 40 105 118 6.0167 | 1.53 8.1 20.3
3.7 3.10 240 112 120 4.65 188 { 7.6 17.3
4.0 2.80 2.80 127 150 2,1667 | 1.09 7.8 19.1
3.6 260 2.60 128 144 2.1167 | 1.00 7.9 19.8
5.8 3.70 340 | 152 142 24.333] 302 | 7.8 10 |
5.6 4.20 3.50 158 144 11,933 | 298 8.4 1.1
5.8 4.10 3.50 127 134 8.2833 | 2.8 8.1 11.3
6.1 3.50 31.00 110 144 17117 | 268 8.2 12.5
5.8 3.30 2.80 102 120 21.233 1 3.65 8.3 12.4
6.1 1.30 117 134 76.667 | 498 8 11.8
5.9 4.00 3.50 96 116 13.633 | 239 8.6 15
5.6 3.60 2.90 87 124 8.9667 | 2.13 8.7 14.6
5.8 3.70 3.10 28 118 11.55 2.92 8.5 15.5
5.3 3.50 3.20 108 126 10.783 | 230 8.3 15.7
5.1 3 40 270 78 108 8.6833 | 2.02 7.9 16.1
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Enh.Coag.Data

indicate coagulants studied:
{D} Coagulant Chemical formula Units
1 Alum Aly(80.1"14 H;0 mg/L
2 Ferric FeCly*6 H,0 mg/L
3
4
TREATMENT CONDITIONS
] I
Cl2 Disinfection By-products Coagulation Conditions
Conditions TTHM HAAS Coagulant Dose Acid Base Cosg. | Coag.
Chlorine (Bg/l) {pail) D adjusted? | adjusted? pH temp,
dose Raw Filt. Raw Filt. ‘ses above) {YIN) {Y/N) {) {deg. C)
(rmg Ci2/L)
2.34 9 6 1 25.1
2.40 L] 6 1 11.8
2.60 3 4 1 11.6
235 g [ 1 12.8
220 [ 6 1 12.5
1.43 5 i 1 28
1.57 H 6 1 21.3
1,49 5 5 9 18.8
1.32 4 3 1 40
110 5 4 1 31.4
1.47 4 4 1 259.4
147 8 6 1 24
1.54 s 4 1 25
1.60 7 7 1 23,1
1.90 5 5 1 21,2
2.00 13 A 1 21
234 9.0 6.0 2 11.2
240 7.6 6.0 2 11.1
2.60 3.0 4.0 2 8.1
2.35 3.7 50 2 15.9
2,20 7.8 60 2 9.2
143 43 50 2 16
1.57 5.1 6.0 2 13.5
149 5.0 5.0 2 10.2
1.32 36 3.0 2 23.8
1.10 4.8 4.0 2 13.8
1.47 3.8 4.0 2 26.1
1.47 8.3 6.0 2 16.7
1.54 49 40 2 18.5
1.60 6.9 7.0 2 18
1.90 5.4 50 2 16.7
2.00 13.3 40 2 18
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C—031054

Utllity 1D: CCWD: Boliman W1P {ACWD, CCWD, EBMUD, MWD, SCYWD)
] | ] I
1. Study {D: Historical data 7/1/35-6/30/96 {Oplimization Study 9/95, etc.) 4. il blended source water Indicate
sources snd proportions:
2. Source water: Delta - Mallard Slough/Rock Slough (River, lake, groundwater, efc) Source %
I I ] { |
3. Source water [D: Central Valley Project Water (State Project water, blend of .. , etc)
]
5. Describe levei of study: Bench-scale in this data sheet, “Filt.” refers to data collected
{indicate with an 'X) Pllotscale after coaguiation, Nocculation, sedimentation, and
X |Fullscale filtration, | ] |
6. Indicate with an ‘X’ if data reported as “Flit.” are from samples collected after sedimentation only:|
| I I 1 or after sedimentation and fiitration: X
WATER QUALITY DATA: CONVENTIONAL
I |
Date Time TOC UV-254 Alkalinity Hardness Bromide Ammonia Chiloride 108 Turbidity P
(mgit) - (1/cm) (mg/l. as CaCO3) {mg/L as CaCO3) L) {mg NH3-NL} (myg ClL) {mgit) {NTU)
Raw Fi Raw | Filt Raw Fiit. Totai Calcium Raw | Filt. | Raw Fiit. Raw Fitt. | Raw | Fi
Raw Flit. Raw Flit L Rew Pt Raw Ht
095 439 44.4 47.8 47.9 <0.1] <0.1 <0.1 032] 213 213 90 120 3] 0.05
. . . . A 7.8 8.
Aug-95 423 42 47.1 46.6 <0.1 203 213 115] 24005 8.1 Bg
Sep 05 78] 3| 484|479 01 16.1] 163 110]_2.4] 0.05] 8 3
Oct-95 52.4 54.2 53.1 54.8 <0.1] <0.1 <0.1 0.268| 177 18) 90| 113] 3.1] 0.05 8.2 9
Nov-85 52.3 51.7 55.1 55.4 <0.1 20 204 120 5] 0.05 8:4 8.9
Dec-95 54.7 55.5 62 61.3 <0.1 22.3 224 130{ 5.7{ 0.05 8 849
Jan-96 63.2 60.5 71.8 715 <0.1] <0.1 <0.1 0.28] 296 298] 130] 160 6.8] 0.05 85 .9
Feb-9 67.7) _674] 78 757 <0.1 B\s| 32 195| 5.1[ 005| 78] 87
Mar-9 645 638| _ 775] 763 0.1 33| W3 105] 55/ 005] 8] 89
Apr-96 63.8 64.3 84.3 82 <0.1] <0.1 <0.1 0.18] 369 37.5] 160] 193 5 0:05 8 8.9
May-96 62.5 62.4 88.2 88.8 <0.1 44.8 457 210] 54] 0.05 82 8A8
Jun-96 54.6 55.8 71.5 738 <0.1 35.6 36.5 170| 64| 0.05 8.1 89
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Jemperature Br f Microblal Par lers
(deg. C} {pg/l) Coliforms Glardia Crypto. Viruses HPC Raw
Raw | Filit. | Raw | Filt, Total Fecal {cysts/100L) oocysts/100L) (Mml.) {CFU/mL) Indicate disinfectant{s) Chiorine A 1 Incububation time
{#100mL.) (#/100mL} Raw | Filit. | Raw Fit. | Raw | Filt. | Raw | Fitt. used with an'X’ dose dose h)
Raw Filt. Raw Fiit. chlorine | chloramine | {mg CI2IL) | (mg NH3-N/L} | chiorine | chioramine
248 44 0 7 0 0 0 0 960 Q
25.2 6 Y 3 1750 0
23.7 8 a 14 410 0
208 42 0 5 480 0
18.1 29 0 27 3600 a
143 21 0 3 0 0 0 0 13700 0
12.1 26 o 5 0 Q 0 0 2100 0
14 31 Q 16 <53 <5.3 160 0

15.1 700 0 10 0 0 63700 [1] —
17.8 33 o 5 0 0 860 0 —
205 37 0 9 0 0 0 <1 1500 0
21.8 7 Q 1 204001 10
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C—031056

Chiofination conditions Disinfection By-products
Filtered TTHM HAAS HAAS TOX
incub. pH Residual | Indicate disinfectant{s) | Chlorine A I [ bation e Incub, pH Residuai g/} L) ) Apg CI4L)
temp. used with an ‘X’ dose dose {h) temp. Raw | Fiit. | Raw | Flit. | Raw | Filt. | Raw | Fiit.

{deg. C) 0 {mg C12L) | chiorine | chioramine | {mg CI2/L) | {mg NHI-NA) chiofine | chioramine | (deg. C) 1] {mg CI2/L.)

X X 1.7 Q.37 0.24 248 7.2 12 <0.5 14.1 714

X X 1.6 0.36 0.23 25.2 7.1 1.1 7.8 1.9

X X 15 0.3 0.26 237 73 1.06 8.1 39

X X 1.6 0.3 03 208 7.4 1.07 <0.5 9.8 5.4

X X 1.6 0.33 0.26 18.1 1.4 1.07 14.7 5.1

X X 1.7 033 0.54 143 13 1.07 12,6 6.7

X X 1.8 033 0.58 121 1.2 11 <0.5 16 86

X X 1.9 0.31 0.58 14 12 11 17 75

X X 2 0.33 .52 15.1 71 1.12 246 6.3

X X 1.9 0.33 0.41 17.8 7.1 1.11 <0.5 24.3 98

X X 1.8 0.33 0.31 205 72 1147 203 126

X X 1.8 0.29 0.24 21.8 72 Q.85 19.3 137

Note: Disinfection at Boliman is accomplished by a limited free chlorine contact time (see Filtered incubation Time) fotlowed by chioramination.

[Typically 90-95% of the CT credit is achieved with lree chiorine, the remainder being provided by chioramines |
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Indicate coa

gulants studied:

1D

Coagulant

Chemical formula

Units

Alum

Ai2(SO4)3

1
2
3
4

TREATMENT CONDITIONS

Coagui

ation Conditions

Coagulant

Dose

Acld

Base

Coag.

Coag.

D

adjusted?

adjusted?

temp.

(see above)

(YIN)

(YIN)

(deg. C}

31.2

31.8

316

311

474

42.2

49.9

429

S S ST Y PO [ DY DU PR JOEPS DU DY

B7

< | << =| <] =] <] <fc] | <}

ZIZIZ|Z| 2 Z|Zl2|ZIZZ
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C—031058

Uty 10; | i ! MWD TACWO, CEWD, EBMUD, MWD, SCVWD) . T ] ]
i ] I ] i | | ! i T | | [ i
1. Study ID: 4 1 JAT Tesis—rangs Ot %SPW/%CRW {tCoumaation Stugy 9795, etc.) | lindicate coaguiants studied: ]
1 ] i ! ! ' | 1 | 1 1 ID] Coaguiant! _Ghemical formula Units
2, Source water: ’ Suntsce (Rever, ske, grounawater, #1C.) { 1 Alum AlLST, )" 14 HO mg/L
] ! ! i ! ! i i ] i 3| Polymer Catonc ol
3, Source water 1D: SPW, CRW {Siate Propct water. biend ot...., #iC.) 3 ]
1 ! I ! i I ] 4 1
15, Descnbe lsve) of study: E3 nehescaie In this data shee!, “Filt.” refars 10 data collectad Doses ncluge lly 3 (Someumes 2) mg/L polymer.
fsndicate with an 'X") Pilot-6cale [ and
Full-scale fiitration, | I T ! :
I 1 | | 1
§. indicate with an 'X' if aata reported as “Fiit.” are from stter only: | X 60 min setthng ime
1 1 T 1 aftes sedimentation and fitation: | |
WATER QUALITY DATA: CONVENTIONAL | ] | I T
1 | | I [ | [ TREATMENT CONDITIONS
Study iD Water TOC UV-254 Alkatin Turbidity pH Coag C
% CRW | % SPW {mgh.) (1/cm) tmg/L as CaCc0J) {NTU) {} Coagulant Dose Acid Base Coag,
Raw Fitt, [ Raw i Filt, Raw Filt. Raw | Fitt. Raw | Fult, 1D adjustad? | sdjusted? oH
] (see above) {YIN} (YN} [}
i tiank=N | blanksN
MWDIARDL | Ik 242 | 243 4 0028 123 1 a
MWDJARDL | 10 242 1 232 ) oo0s | 123 1 10
MWD3ARO! ) 243 | 227 | nuas i 123 1 20
MWDIARO 100 242 217 1 0 b) 30
MWDIARU! 100 242 1 2m | noas 1 4
MWDIARD! 100 243 195 0028 | 1 s
MWDJAROI ) 242 136 ! 0028 | 1 | o
MWDJARI | 10 242 rge T 1 ] | 1 i ™ i | |
MWDIARG [ UKk .25 230 1 | f [ 3 T 0 1 i 1
MWDIARE 1 x| 225 212 ] 1 3 | w0 I 788
MWDIARK 1 e | 23¢ 197 T | 1 ¢ 0 | 1@
MWDJARK. | 1o | P22 190 ' naly 4 omw o ! 1 [ an ! 749
MWDJARG ) 0 1328 5 3 b onmy 0T i 4 | I i 7.33
MWDIARD o 1 i [T i i1 s | 7.24
MWDIJARIG 10x i i XM P 3 1 ll Iy .00
MWDJA RN 1% i 0 i 1 i ) 6.91
MWDJARNG ¢ HXy 0.2 i 1) w0 6.34
MWDIARN §x3 oy { 1 i [ 6.75
MWDIARMA | 1) LT . 1 3 i 667
MWDIJARNG | Xy 2, i [T i 1 10 ] 65.57
MWDIARNT | e 2.3 4t 1 00y ' 1 0 . 114
MWDIARNT [ (239 T 238 Cume e oo ! i k] 04 7.8
MWDJAROT ¢ o | [ 239 | 291 ' oux  oosr | | 1 ! 2 i .M
MWDIARST | [ i 239 [ 199 1 aae | 008 ¢ H 1 H 3 ' T80
MWDJARN™ ¢ 10 ] 2,39 1 94 e L 0nE ! N 1 ] 44) { .46
MWDIARS? 1K 239 4 178 | 0% ¢ uan 1 t ¢ 7.3%
MWDIARO™ [ 3% 036 1 0023 1 ] & 328
MWDIARIY [T REEED) vl 1 DAY | 14 K 121
MWDJARD? 1000 2.30 oy . 3 1 " MEAT
MWDJARD™ 30 2.8 SR F el 1 1 Ll ' [NELS
MWDIARGT | 1% 2.39 006 L 0me ! 1 | 1) | i 69
MWDIAROY | Hxs | 2.48 ooy | 1 } i 1798
MWDIARDR | 11X 1 1245 003t t i 1 I ] 7 8%
MWDIARNR x| ) 248 [ 1031 H 1 [} 7T
MWDJARGE | w4 248 Toow & oozt T 1 i 761
MWDJARGS ¢ 1o | 245 oot ;002 | 1 T 1 251
MWDJARNE | 100 245 ’ 006 i t 1 i T4%
MWDIARUS | 110 .48 i ] 1 ! 738
MWDIARGR t 100 245 . um 1 726
MWDJARUS | e 245 L00M ! (020 1 317
MWDIARDE ¢ i) 148 I R e 1 1 ! 106
MWDIARDS | 100 245 + 1ON [CH 1 ] 6.9%
MWDIARDY 1w 255 T ouss 1 1 157
MWDIARIY o0 2.58 i 10ss 0046 1 i 7.66
MWDIAR® § K3 2.85 1 DS .03 3 748
MWDJARS | [ 288 L 00s5 E Ml 1 t T34
MWDIARDY ¢ % 2.85 uss 1003 | 1 i 23}
MWDIARDS | %0 2.55 1 00sS | nom o 1 ' 689
MWDIARGY | % 2,55 1 0085 | 0032 ) 1 6.25
MWDIARD? | %0 2.55 0.055 1 1 6.79
MWDIARDY [ % 2.55 1 1 6.62
MWDJARGY | & 255 | 1 .58
MWDIAR®Y | % 2.85 1 100 650
MWDIARIY X 2.55 1 10 ot
MWDIARDY % 2.55 119 1 120 1 613
MWDIAR O ) 248 0,046 128 1 o $.26
MWDJAR1O o 2.58 [T i 10 774
MWDIARU « 2.58 [T 1 1 149
MWDJARL x 2.5% 0.031 128 i 3 728
WMWDIARME kil 2.5% 0D.0% [FE) 1 A0 .48
MWDJARIY %0 2.58 0.032 25 1 0 o8
MWDIARM x 2.5% 0.027 128 Al L kAL
MWDJARI0 [ 2.58 0.030 125 1 70 704
MWDJARIN 190 2.58 0.026 128 1 W 1 ©.A3
) 253 0027 125 1 [ 1 (X
) 2.58 0.036 128 1 100 1 6.75
7w T 2.58 .08 128 1 ne g ! Crel
I« 2.67 0.048 [ [ ] | 140
] 0 2.67 1 0.037 | 1 10 i 1.89
) 2.67 0029 [ . 1 0 7.64
[ 267 T s 128 ! . 1 30 741
MWDIARLT | [ I 267 0 026 128 nay | uT 33 ! | 1 40 731
MWDIARLL | x| L 267 woe | 1 W | u [T i 1 S0 708
MWDJARIY | wi | T 267 om3_ i 1 (IR B3 ! 1 1 ® 693
MWDIARIL | S i fo2eT nmy 1R . T pac 4 ouny 4wl 1} 4 Rl ! LX)
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conwB-S

Study 1D Water T0C Uv-254 Atkatinity Turbidity pH Coagulation Conditions
% CRW , % SPW (mg/t) {i/cm) (mg/l. as CaCO3) (NTU} {} Coagulant Dose Acid Bass Cosg.
] Raw | Fit, | Raw !  Filt. Raw | Filt. Raw Fitt. | Raw | Filt. iD i ? } d? pH
] 1 { I (see above) (YN} (YN} )
+ i | ] Diank=N blank=N
MWDJARL I En 267 i 1on { undd | e b 12% fovay .38 8.3} 1 1 X 6T
MWDIARI | 90 267 § 06T 1 uasl L a0 | 128 049 10 .33 ¢ 1 Y 6.62
MWDIARLZ : « 295 i 3axr D ogsz i ok 120 167 0. 123 | 1 0 3320
MWDIARIZ | x 295 | 2% i ook [ ooaz 2o 1 067 0.2% 121 1 10 1.0
MWDJARI2 | E 295 | 263 t OMK2 1 0032 120 0.67 022 L33 I 1 20 7.66
MWDIARL2 | 20 298 350 1 0047 b 0.03) 120 {67 021 222 1 3¢ | 244
MWDIARL2 ! 20 2.9% 338 0 ooa | 0029 120 a7 (¥4} 1.1} 1 40 [ TS
MWDIARIZ | Ri 295 23 0042 1 0029 | 120 0.67 023 .2 1 50 121
MWDIARIZ | xt 2.9% 2.12 0042 4 0032 ) 120 0.67 0.24 £.23 M 60 .16
MWDJARI2 | = 2.95 201 0042 | 0.029 120 0,67 1.20 123 ] £ 701
MWDJARI2 | % 29¢ 195 | o0s2 | 0.029 120 067 n2s 1.3 1 20 7.0t
MWDJARI2 | x) 2.9% 190« 0nd2 ! 0.027 120 0.67 n23 213 i % 6.3%
MWDIARI2 | K 194 186 | 0442 | 0023 ) 120 0.67 029 | %33 1 100 6.11
MWDIARIZ | x ' 2.9% 132 0 omMz P 0 | 120 067 0.27 3.2 1 110 679
MWDIARIZ x | | 295 | 174 1 ona2 ¢ 0028 ! 120 0407 1 047 12 1 120 6.76
MWDIARTD Ll {0295 ¢ 170 1 0042 0 pmas 120 067 | 056 1) 1 130 6.67
MWDIARI2 x 295 4 17} 00k 0036 | 120 067 0.52 123 1 140 ¢ 661
MWDIARI2 | k3 298 1 1.62 * 0.042 0.026 130 .67 (.45 123 1 130 ] 6.47
MWDJARIZ | %) 295 | 161 | 0MM2 0037 126 0,67 049 323 ! 1 160 | b 40
MWDJARI? | K} 295 1 1Ls ! o2 ¢ 0027 120 067 .85 125 1 1 170 6.37
MWDJARI2 | hald 205 ¢ 162 | o4z | 0438 © 120 067 [l 22) ! 1 130 623
MWDIARIZ § % {295 15T 1 0042 | eme L4 | w) [ED) [T 1 1) 6
MWDIARIZ | *) P29s 1 169 | 0042 F 0M82 L 120 4.47 330 223 | T 1 2K | 612
MWDIARIY T 9 ] 225 | 226 i oma i 003 126 0.77 w771 x| i 1 u | [E1
MWDJARIY | Wt [ 225 1 208 ' oo {0023 126 N7 1 uat 1R3! . 1 Wt ; 7%
MWDIARI) N ] §22f 0 bE6 U0 a2l o 126 0T, e ! g3y b 1 1 ] P2 ] 5]
MWDJARLY o N Coa3s b2 00w o oty | 126 PTG 0 L X [} 1 ! 10 H D
MWDIARIY } ) i [ S B Q034 ¢ GOIX L 120 i [ 07 | 140 LR | | ( &0 | 7.41
MWDIARIY ¢ o) | T7226 1 1% 1 00M § 08t 126 | P07 L 04s |t X . 1 | 51 ] .3
MWDJARTS Xy 1 C23 0 1KLL oolg | 12 ) Fog L onst o R . ' 1 i A ] ] 7320
MWDJIARTY X} 1 328 1 4% L oot puls 126 ) PO b 0fT b RN i 1 | 70 | 714
MWDIARIY | ) + i 228 ' 166 D OOW Y N ) 126 { L X I 2 U ] 1 | 20 . 7.06
MWDIARIY ¢ W) ¢ Po228 | b6 - uoe oty 126 to0T o ouss L R ! i 1 t o | ) 6.9%
MWDIARIY K 220 1 LI n0M a0 | 126 I AR XD ! 1 ! [ | 694
MWDIARTY %) ' 228 0 L& oaa . gm2 126 I Q77 ot um KMo I 1 | 110 ¢ | 618
MWDJARIe ! w | 231t 248 0o gm0 437 I 058 | oS4 o xaw : 1 : Y ] t a0
MWDIARI } % \ | [} 0033 | e $27 [ 0.5 | 33 i 1 ' i i 798
MWDIARI4 | O | P0033 L noay 43y 1058 a4t 220 t 1 | 0 L
MWDIAR 14 w1 ] X O T I 0S8 | u4y . 320 ] 1 ! 30 ! |18
MWDIAR 14 *) t i feon ) amo f g2t | 0S| nAT o 30} ! 1 | 4 ' P %40
MWDJARI4 o | i ua o ems [ 127 | uss [ o3 | »In i ! 1 ! 50 ! 7.3
MWDJARI4 w ) ! P03 T 42r i 0% o6 | g2 1 1 3 o | 727
MWDIARIC R t poM L gms a2t Lusy - em [ i 1 f n | 7.13
MWDIARIS | x ! § U0 o0t | [ (0.8 9x2 R3O ' 1 | sk ! 7.06
MWDIARIA %) t Nos s 122 E O k201 ' A i * [ 693
MWDJARI4 ! % ! i Papun ] gms 27 s 01,95 LRI ' + { wo | [
MWDJARLL | Wb . L0033 ¢ ok a7 058t Y0 220 ! 1 [T 6.77
MWDIARI ¢ ¥ ' ! L0033 ot ) 127§ [ I ET) ¥20 i 1 i 120 8.6
MWDIAR 14 *) ] 1 AL LA L] 127 (5% (XL 220 ] 1 ] 130 6.53
MWDIAR 2 " ! ! 00N bt [ [ST | 1 i 140
MWDIARIY  + % ] ' IR [ S {nss (RN ! 1 ] 150
MWDIARNS 1 %y \ i bouo3 | i 127 RS B0 ] 4 1 460 )
MWDIARLS | ® ! ! G A T 127§ 047 1 038 329 ) 1 | 0 i | R
MWDJARIS I ' Y N 04 0 29 | 1 T 10 L
MWDJARIS ¢ 9% ! | LAY T 127 (14" | 030 29 | [ 1 20 [
MWDJARIS ! Wt i B0V | 0028 (137 val 1 037 329 1t i 1 30 © TSy
MWDIARIS CR ] I 047 .59 329 | 1 “ | 739
MWDIARIS | o i ) L 003 00 | 427 047 0.56 129 | | 1 } 50 [EER
MWDIARIS ¢ o | | Tume T o02e | 137§ L 047 0S8 | 329 ¢ : k) . o0 7.
MWDIARIS " ! f P00 1 002 1 7 Y 065 1 B2y t 1 ! kil
MWDJARTS ] : Y i 047 b i 1 | 20 >
MWDIARIS + LT | L0036 L nes L 047 063 ! 1 ! % i
MWDIARIS | % | 1 Y - T war | 078 T 1 o T
MWDIARIG | N | t ] 0041 | 04l 117 0 42 0,32 | 1 0
MWDJARIO ¢ % { 10441 1 gud) 1 N4z .35 ! Al 10
MWDIARIG | w | Pubel i 06 H7 042 133 1 20
MWDIARNO % i X D28 n? 042 0.24 3 n
MWDJARIL | x ] [ 04124 17 .42 037 1 AU
MWDIARIG X i D041 0024 117 V.42 0.3 1 s
MWDJARIG E) ' uM) 0.022 17 u42 (B 1 w
MWDIARI x 1 0041 0021 07 042 03§ t L
MWDJARL6 ] I 004t 0.031 n? 0.42 .33 1 »
MWDIJARI6 ! D 1004y 0.02) 17 042 1 036 i 3 x
MWDIARIG | D) ] i 0.04) 0.021 17 042|036 i 1 i)
MWDIARIE | 90 00l 0.020 117 0.42 0.39 ! 1 110
MWDIARLG | 90 | 0.041 : 0O 17 042 (.46 | 1 120
MWDIARNG | % | oodt | ooig 17 041 .55 1 1 130
MWDIARI6 | () T _0.041 0013 ny 042 a.83 il 149
MWDIARG | x i 1 0.y 07 157 0.43 0.62 £35 1 150
MWDIARI6 | %0 i | 04 0.016 117 n42 | ax 235 1 160
MWDIARIG « [ | § k) [T T 0.42 091 £.25 1 170
MWDIARIG | w0 b ona o ume !hae 130 125 1 3 130
MWDJARIE | %I I TR T [ va 1.10 235 | 1 190
MWDIARIG : x | 0041 1 o ) 1| | & 140 st 1 200
MWDJARIG | % | opal |00y (7 [ 142 0.9 22 | 1 210 6.13
MWDIARIG CY 1 ol i oIyt 13 043 1.0 225 1 20 t 612
MWDIARY? | % T AN 114 1 20 120 1) 1 v i 104
MWDIARI? | 5 i §6) § noar 1L 1.20 049 B4 1 in t .68
MWDJARI? i = ] [ buei | a2 112 12U udl £.09 | 1 A0 : 746
MWDIARIT T I i Tuiel 0 ol i1a 120 | o [ ) 1 w1 724
MWDJARIT ) | ' Poaet oo 114 1.20 L ' 1 ! S0 1 215
MWDIAREY | At t | noel booge3t 104 | |20 ww bogoy t 1 ! hid [ 710}
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Study 1D Watar 0T UV-254 Alkziiniry Turbidity pH Coagulation Condiions
% CRW ' % SPW {mg/L) {3/em) {mg/L as CacO3) {NTU} 1] Coaguiant Dose Acd Base Coag.
] Raw  Fitt. | Raw | Fiit, Raw Fit. Raw | Fill. Raw . Filt. iD ) 7 [ sgjusted? pH
1 t ) ] (see anove} (YN) (YN (1]
! ! f i Dlank=N | blank=N
MWDIARLT L 255 1 202 v pael 01134 N4 [T 0kd g ! ] 1 o) ' | 6.9
MWDIARIT | 80 255 | 196 | ovel 042 114 | ED T | R i 1 £l 7 T 660
MWDJARIT | Ut 2,88 1.3 | 0081 0.032 114 T a0 095 1§08 | | 14 0 D
MWDIARIT | [ 2.8% [T 0431 14 120 [y [0 ! 1 % b 4)
MWDIARIT | [ 2.58 1.64 i 0.061 N.033 114 120 | 40 809 i 1 1) 627
MWDIARIT %0 2.33 187 | 0ol 0033 14 120 130 109 0 110 .17
MWDIJARIT 20 2.88 162 L oul 0.00 L4 120 1,30 5.9 1 120 6.14
MWDIARI3 [T 248 2.59 1 0.054 0061 12 0.78 0.68 23 1 0 323
MWDIARIS 0 148 266 | 0084 | 0048 121 T8 Atk 122 1 10 748
MWIIARIX 80 248 2,54 L oos | oo 12 0.78 a.60 22 1 20 761
MWDIARIL 0 245 .32 1 04184 | 003 121 0.7% 0,68 .22 1 n 748
MWDJIARIZ 0 245 L35 1 0084 ¢ [ 12) 0.7 0).54 23 1 1 4 T 735
MWDIARIS [ 245 22 i uas ! oo 121 [k 0.67 1.2 3 0 | 723
MWDIARNE " 24% 195 1 ag% v 00 121 CXTY .52 8.2 1 [ 1 .97
MWDIARIS ™ 245 1.97 1 0054 00 [FINL 0.7% 1.7 222 | 1 0 ' 51X
MWDJARIS | [ 245 177 | nas 1043 12} 0.7% o7t 832 | 1 0 [ 6.
MWDJARIZ X 2.45 182 [ 0054 0.0 121 0.73 075 1 823 | 1 o | 851
MWDJAR!S ) 2.45 176 ! onse 00}3 12 0.7 0731 322 1 100 ' 5.3
MWDIARIX L 2.45 175 1 0084 | 0t )23 1 073 b 133 1 110 { [ N
MWDIARTY » L7 237 1 0aM9 | 0448 122 | 0.57 ost I 138 1 a 546
MWDIARIY | [ 270 | 2.65 | 04y T 0nv 122 0.57 069 838 { 1 0 738
MWDIARLY (% 270 | 244 ¢ 049 1 0027 122 1 037 | et %38 1 E0) 7.64
MWDIARLY | [ 27 1 322 - noay oS 122 057 | ase | 333 1 0 7.32
MWDIARI? | ® 290 . 204 3 oy | ne2d 122 AT ] 1 1 4 <33
MWDIARIY [ 270 1 202 1 0mg | oo 122 057 | 07 i s | ' 1 I 30 ! AR
MWDIARIS | A Il 23 b 19 L ooy o 0021 122 U T 075 i %K i 1 ] L { [
MWDJARLY ] i 2.0 [T TR 125 4 087 0 oXL t 338 | i 1 | mn [ PooeT
MWDIARIY § ! D PTG o049 P eprx g o | oSt ugr {33 L B 1 t 0 ! i em
MWDIARI® R0 t 32MW o L3K g Dady o pbie o 2 ¢ [ 0y 838 i 1 1] il j | 6.7
MWDJARIY ¢ W ¢ i [ [P [ %4 | 338 | v ¢ 1 t .56
MWDIARIY | 80 1 iy - pole i 123 1 T oy T tse T oxa o ' 1 Tone 1 R L ST
MWDIARY [T 1 1042 nuds | 13} ! Poaxs o o 1 N 1 i L N i 34t
MWDJAR? 1 LI S N . Poaxs ] 07 {83 ' i ! 1n ! ._wm
MWDIARZ 10 P oz L el 133 ) | OXE 08 XM G N 1 { 2 ! IR
MWDIAR? b 442 auzT 133 L OXS | tdn o RAR ] 1 i W ' t 74n
MWDIARS 1 k) ‘ [ 02y 1 - T 0xs 0o P R ‘ 1 ] it [} i 134
MWDIARY 1y { BT 131 1 ooty 7 0w 0 xR t 1 ] S0 | i [
MWDIARY | 1x) ! 043 0pIT b 1 i bo0xs b N7 kI G ] 1 i (3] ! . [
MWDIARY ! 1K) [ By ) 133 RN T S L | 1 i W4 i [
MWDIARZ | 1o 004z ; ooty 1 133 i ngs 12 ¢ K3k T ! 1 ] At i T oM
MWDIARY | %3 PO uG 133 ! 1ooxs b orw 0 Rt i 1 £l ! i [ 3
MWDIARZY b e . 08! ayes | 114 ' , us b 120 T 1 0 N 1 EXH
MWDIAR i ] i ). Do [IEN [ %21+ i 1 0 i ' p A5
MWDIAR ¢ 8 | Tuost T npes | e | nsd Poea ! % O R
MWDIARO ! W ] L 00sA L o | 114 t ;o (L3a = i 1 30 ! R I 742
MWDIARI0 ) W fonsy | ooxs T e | [ T i 4 o | ] .30
MWDIAR ¢ 12 H wust |ovew  d L4 i ] LS4 g | g3t t i 50 i t 72t
MWDIARY | & { [ T T ns4 0 ) 32 ! 1 o [ i 7.19
MWDIARID M ! A0Sy} nmz N4 ] 1084 [15 2 IR > 1 ] 1 N 1 [ R
MWDIAR | M P 0683 nom 14 | 0S4 036 1o&2 i . 1 [ ] i 110
MWDIARI 1 %0 | t 00y L nen T a4 04 | u2” 1 K2 | ] w0 1 L 6yT
MWDIARIY | L) faasy e 003z 5 et a8 | 027 1 sar | 1 10x ( T i ex2
MWDIAR | [ JO0SY L 003 1l 054 1 063 g2 F 1 ne ¢ s [
MWDIAR | 20 L UusY 3 wedy 114 t ) o034 1 u3g ! 2r 3 1 12v ! } 64
MWDIAR o i uuss i et | [TV T usd 7 o4y ;w21 ! 1 w1 { ! 662
MWDIARI ¢ 0 008y v oz | 14 Pse 08 1o 1 ] 140 i ! [ 48
MWDIARIG § L) Lty auw b 114 i gse | usk X2 i 1 i 150 t | {653
MWDIAR | %0 P T 11e i foqpsd 105 Lo a2 ¢ | 1 1 123 ! ! | 642
MWDIARZY | R Ponsyt o g ) 114 } 1034« Dol 12 i 1 H 1 N i 1 633
MWDIARY: ! [ L 0ns: | e RATRANET 21 | 1 [ | [
MWDIAR2L 1 L3 ] ; Os) ! 14 | bonse oy 14n 22 ! { 1 } 1% ) a 610
MWIIARID t 8 083 ! . e} T use 1 180 2y B e | 608
MWDIARS | ) oo t i 121 } | oRy o7 22 1 0 12
MWDIAR2I Ll . 0 i 12 I 0R} ) 3.2 1 in T4
MWDJARZ | [ | o036 ) | 0% .52 52 | 1 E) 7.60
MWDIAR2Y 8 | 1 0.030 121 83 032 Fe 3 1 h 747
MWDIARL b L agw 121 033 1 46 n t « 7.38
MWDIARS 0 006 121 08 057 2 | 1 50 2
MWDIARZ) 3 RO | 121 013 0.51 322 1 &« 7.30
MWDJAR2! | [ K 0.0 121 0.83 0.57 322 | 1 n 7.2
MWDIAR2I | L] 243 173 1 aale 121 0.42 0.67 22 1 1 0 T
MWDIARZ! | ® 243 | 17 | b 12) 033 v.7) = 0 * 756
MWDIAR2! | X 243 170 | 0036 121 .83 0T 122 4 1 m 6%
MWDIARZ! | [ 241 1169 | 0036 12 .83 0.9% 522 1 I 6.95
MWDIARLY | » | 24t 1 2.8 | a0\ 121 uT% w1l 113 [ 1 o 125
MWDIARZZ | ® T 241 | 231 1 0038 121 0.78 0.50 505 | 1 10 792
MWDIARYY 0 V243 1 223 ) budk 121 0.7% 6% [N 1 0 7
MWDIJARY2 [ 241 204 | 003R 121 0.7 0ss | k1S 1 W 7.51
MWDIJARZY 0 241 196 1 0.03% 121 a7 | o8 1 K18 1 40 743
MWDIARL [ 1.4} R 124 076 | I8, L% 1 w0 7.30
MWDJAR2? [ 241 KT ) UK 073 | 88 ’ 1 o0 7.03
MWDIAR? u I 241 3 174 1 vow 121 0% 3 085 1 %1y ) ' 3 ™ 6%
MWDIARZ | %) [ 241 , 163 i vom 12} wI% | uR [YE 1 » [X1)
MWDIAR2Z [ 241 1 164§ ud 121 0.I8 1 0.6 3.1t 1 x 6.76
MWDIARZY | [ 141 5 158 uulk 12 | [ %18 1 023 [%:]
MWDIAR2? 20 24) ;i bS6 by a1 T a1 ved %15 1 He i 6.70
MWDJAR2ZD ! %) 241 | 142 | 0pi [T IS 334 1 120 6,59
MWDJARZ | W 24) L 133t 00R [HNET 071 | 0ys 415 1 130 6.50
MWDIAR2Y [ 251 F 250 1 ause | opss 121 043 | 045 232 | i [ 1.33
MWDIARDY @ W 351 L 243 bousy vk | 42 o<y | ot 1 137 T 1 [0 19
MWDJAR) [ 251 1 228 4 408w gme b | 04t 1 nad [ s T 1 20 .68
MWDIARDY - [ T Tt 1 217 . onsu b new o 131 L TR RN 1 W v EXT)
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Stugy IO Water Joc uv-254 Alkzisnity Jurbedity aH Coagulation Conditions
% CRW i % SPW img.) {tem) (mg/L as CaCO3dy {NTU} {} Coagulant Dose Acid Base Coag.
i Raw | Fit. | Raw . Filt, Raw Filt. Raw | Fil. Raw 1 Fill. 10 adjusind? | adjusiad? pH
i | { - [ (See above) Y/N) YN {
] i 1 blank=N Dienk=N
MWDIAR2ZY ! 30 | 15H 200 | 005 E 0028 121 .43 0¥ | %32 | t ) ] Ah I 2.3%
MWDIAR23 ¢ [ 151 1.92 1 o050 | oo 1 120 0.43 aan | 237 | 1 1 ] 50 738
MWDIARIY ) 0 151 V795 00 eal) 121 043 D42t 132 ¢ t T 1 &0 10
MWDIARYS - o 251 175§ 0030 [ 121 041 045 | 332 ] 1 D 716
MWDJARY? U 2.51 162 630 0.022 121 043 a1 132 i 1 0 T Tm
MWDJAR2Y 8 2.5t 1.56 2050 1019 12t 043} 035 | %32 1 Wi 100
MWDJAR22 [ 151 1,56 | o.0s0 1022 121 042 S 1 100 69t
MWDIAR2A [ 257 5 245 1 oS | 000 113 0.63 0.9 3 X1 1 v 3.2
MWDIARZE 3 2.57 249 | uoes T o8 113 0.65 1132 T} 1 10 7.9%
MWDIAR24 [ 257 | 232 | noss 0.031 113 0.65 0.2 11 ) 1 20 7 30
MWDIARZ4 W 257 | 3.09 1 008 0027 13 0.65 5] 110 1 30 7.62
MWDIARZ4 ) 257 | 205 | 003 0.027 113 0.65 0.2% 310 1 a1 7.50
MWDJIAR2S 30 1.57 190 ) S 0026 13 v.63 .27 LN 1 30 7.3%
MWDIARI4 | s 1.57 TR 0.025 13 0.6% 0.37 [YTI] 1 o) 7.19
MWDJAR ¢ [ 237 | 103 | s 0sny 1t 0.68 037 (AT 1 m 7.11
MWDIARS | 30 157 152 [ oas 0.021 153 0.63 0,28 (AT} 1 % 7.03
MWDIAR4 [ 2.87 LB} 0048 | oaot 15 0.65 0.40 3.0 1 [ 6.91
MWDIARZ4 0 .37 169 1 0y 0.02) 03 0.65 .44 3D 3 1) s
MWDJARZA 0 2.57 16l | DM 030 13 0.63 045 | 31 [ E] 130 .84
MWDJARZ4 0 .57 161 | 0ods 0.020 i3 0.6¢ XA 1 120 o 78
MWDIARIK [ 1.57 164 | 01M$ U 42t 113 0.65 0.0 111 1 10 6.6
MWDIAR2¢ 30 1.57 1.55 0145 001 11} n.es 1,80 X.t) 1 1&i 6.58
MWDIARIA 0 .57 V49 | DOMS | 0UIR 3 048 130 Xl 1 18 £.53
MWDJAR24 w .57 1.57 | 0148 ¢ nolg 113 068 [ET) 511 1 T 6.45
MWDIARZA X 1.57 14 oo 1 gm? 13 [y sy R 1 | i 6.37
MWDIAR2 1 Mt P N T [ nes 1y 241 5 1 | ke g : o 30
MWDIJARY H 287 b 13a ) pogs b ooie 111 ! Pouel o O LN : 1 | 190 ' { (>
MWDIARI [ 257 1 135 ol I 1y i nes 1 07T il § i 1 i 2 f} ' 6.3
MWDIARZ4 M 287 0 bdl ot (oS Bold 1 1)y [T | 1 2 { ! 604
MW DIAR2C [ i 2.87 129\ D4 - s n 068 Loy s & 1 220 ] 39
MWDJAR2S Ll { .67 267 | oS ¢ [1t23 } 084 [ 07E | TR | 1 il i 192
MWDIARZS L o7 | 259 | bues | 0084 wy ! Rt 0ol TR 1 1 T 764
MWDJARZE A t 267 1 249 1 uieE . wid9 N URE . s T ! 1 i P ( | 74)
MWDIARYS ¢ T ] 267 1 220 | Ooed b g0l ity Pk f o4 b 1 ¢ 1 I A ! ] 713
MwWDlARYE 267 4 AW 00a o2 1 Wy o 450 134 ! 1 w 1 X
MWDIARRS | ) ] 167 0 197 1 6 L om7 | 10y KT 07 T8 | ] 1 ) I ] 685
MWDIAR2S | x ] 367 | 192 | 6uef  auis 1 109 .34 .77 TM [ 1 L) ! ! 6.72
MWDJAR2S ! n ] P267 | 012 0ues 1 pilR 1w U o9 | IM | : 1 n ! 1 6,58
MWDIAR2: 1 k) ] 267 1 )E2 0068 01026 10y nEe | ogs | TR H 1 &) ' 1 I 630
MWDIARZS 0 ! 167 | tos | noes b ame tny ! oM | 0x7 | 184 \ 1 ) I 7 w42
MWDJARYS ! kol i 267 | 168 Gims | 024 104 ] |04 T 0n9s | M 1 1 1% i t 622
MWDJAR26 ! m | 2.50 | 256 | 0085t 0s 15 [T i 1 1 ] ! [¥5]
MWDIAR2: ¢ il 250 1 283 0 OMKS L nOds Hs P sk | oTe t 222 i 1 1 ! i 799
MWDJAR2G ] R 250 b 239 1008 1 oW ! 115 j nog o nIR 1 322 i 1 w | : 757
MWDIARIY T 150 1 229 Cowess i g | (133 06k | a7s g3t ¢ 1 30 i i 7.43
MWDIAR2y | A 250 | M 4 nuss o amd 1 s w6k L om box2 ] 1 4n ] | .28
MWDJAR2Y n LS00 202 ' Onss t ugys 1S [ 12 | [ 1 ) | ! [EAT)
MWDJAR2 i il T L L T 18] 068 L D07 122 4 B 1 ot ] i P ey?
MwDIARIe | n 250 1098 0 noss i a0k [H 063 |07 322 ¢ ! 1 kil ] § [
MWDIARL N P T T 1S wos | oot 2 ] 1 Xt i i {oagt
MWDJARG | m .50 LI b neds g0V 1 0S| uoR 1 04t 521 f : 1 | w | | I 678
MWDIARZG 1 " [RERT 162 u0ss oM f s | o8 | 5T 0 g ¢t : 1 ] | i 677
MWDIARS, | | 280 1 17 fooss  ponl [ s | uox | 072 | 3 ! : 1 T 1 .56
MWDJARZ, | 0 T 250 1 a6y Twoss i wedz 1 a1s 1 [T T | 1 Y i 546
MWDIARIL , 79 13S0 1 LA ouass (o omd 4 11y | s fer t %21 | i 1 13 | 34
MWDIARZL * 70 250t 1.8 Touss o 0038 F s 0.6 L0 k1| ! 1 14t ! 6.31
MWDIARZS 1 70 Nd4 | 284 006t opoel 1 ns | 9.09 06 1 13 | t 1 [ | 139
MWDIAR2T ™ 304 238 | w6 ot | NS | 069 n4% | x32 ! | 1 0 ! 724
MWDIARIT | T 114 . 262 1 oo L aow | s ] uer | n41 a3 ] 1 P ] 733
MWDIAR2? | m P N T 0.69 nat | 13 . ' 1 W 1 i 738
MWDJAR2T n 34 2as L 0nes | 0mY 1i& 1169 05T 1 13 . 1 i w4 i | 708
MWDJAR2T | " 304 1 204 1 0064 - 00M ns 0.09 0S5 0 %32 i ] 1 i 5 I | 69
MWDIAR2Y | n Y04 | 3BT | Dt | 0.029 J14 T 0oy 1,61 232 i ] 1 | o) ! 1 673
MWDIARZT ! £ V14 | 281 | OU64 | 0020 118 o6y .71 532§ i 1 il 1 667
MWDIARS? ™ 3041 193 | D 020 V1S 0.69 331 1 3 1 [ 6.63
MWDJAR2? » 314 133 | oo [ 11s 0.89 T &35 | 1 1 w_ | 6,50
MWDJARST 70 314 L7 1 UK 04129 113 0.6Y 133 | [ ] [T 642
MWDJAR2? L) ). 14 196 | D64 115 0.69 3.32 { 1 110 6.33
MWIIAR2T 7 304 172 | 0004 0028 H$ 69 L2 1 120 .19
MWDIAR? i) YA4 3 151 1 nis b onig 118 0.9 132 1 130 615
MWDJAR2T | 0 S04 176 | oosd | 0017 118 169 i 832 1 [ 4.04
MWDIARYY | bl 104 LTS 1 0066 | 006 | 115 1} 69 231 1 150 5.5
MWDIAR2S | ) 174 ¢ 283 | LOSK | 0057 11 047 %12 1 [] .17
MWDIAR2L | £ 274 | 161 | BOSK 0447 it 047 312 1 I 751
MWDJAR2S | 70 274 1 343 ) Ousy [ [ 047 3.2 1 k) 7.3
MWDIARS | 'm 174 239 | ouost .01y [ 0.47 [ES?) s 3 7.59
MWDJARZS | Y 274 | 227 | 00sh 0033 111 0.47 112 1 44 747
MWDJAR2D | 70 234 | 217 | 00sy 6.039 [ u.47 x,12 1 0 7.37
MWIJAR2S | 0 N ETRETE) 032 11 0.47 512 1 s 725
MWDJAR2S ™ 274 | 302 | nnse [ 1 047 302 3 » 10
MWDIARZS k) 1.74 196 | 005K 0027 1 0.47 0.24 512 1 [T 704
MWDIARSE ) 2% 12z | 00ss 1 og? 1t 047 021 3.12 1 % 6.19
MWDJAR2L T 274 | 132 | ouss | a0l 111 047 1.2% 8.2 | i 1 100 .39
MWDIARZS 0 74| 182 | DOsK i 0% ity 047 0.27 32 | { 1 i} 6.78
MWDJARS | ™ L7401 ) nosx b 0028 [ 04T 0.33 [N 1 129 6T
MWDIARZE | £ 274 1 163 | DOSK T 003y 11 0.47 .50 113 | [ 130 6.63
MWDIARZE { U 174 1 LM | nass | 0o 1 0.47 0.53 EXTI 1 140 6.55
MWDIARIS i 374 | 134 L ouss | oaad 11 0.47 11435 512 | 1 1 150 64l
MWDJIAR2Y | kN 374, 158 | 00SE | 0026 1 0,47 1143 [N | 1 1) 6.35
MWDIAR2S | n 374 | 10 Teoss | oo Ut v4T .53 %12 ! A m .40
MWDIARZS (Tt 274 | Las | ousk 1 0oz) 111 0|t Kz ¢ 1 180 5.3
MWIIAR2E | He i T34 v 14T | nosx b ol T 047 | peT 0w} ! | 1 1%} 421
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Study 10 TOC UV.254 Atkalinrty Turbidity pH Coaguiattan Conditions
% CRW | % SPW {mg/it) {/cm) img/L as CaCOJ) (NTY) 4] Coag Dosa Acid Base Coag.
Raw [ Fiit, | Raw Filt, Raw Filt, Raw | Fiit, | Raw [ Fift. 10 adjusted? | adjusted? pH
| (soe apove) (YIN) {YIN) 1]
{ blank=N biankxN
MW DIAR2Y n .50 .58 £ 43401 .04 113 0.08 .08 . 1 [ £.20
MWDJAR2Y ) 2.50 2.44 1 140} .030 153 0.6% 458 ' 1 10 792
MWDIAR2S i) 250 | 225 | 0040 ] 0026 ] 0.8 0.52 ' 1 20 7.69
MWDJAR2? ™ 2.50 | 2.2 ) 0040 | 0023 I Uad 7 1 30 5|
MWDJARZ® n 2.50 1.97 [ oMo 0.020 1 0.54 1 I 743
MWDJIARZS n 2.50 191 1 o4 | 0020 ] on 1 0 7.39
MWDJAR2Y m 250 1.30 | 0.040 0.019 i 0,77 i 1 60 7.06
MWDIARY ™ 2.50 176 | 0.040 a0is 118 0.3 | 1 k) )
MWDIAR2Y 70 2.50 176 1ok [ oo 115 06! | 1 30 6.93
MWDJIAR2Y ™ 2.50 167 | 004 | 0017 15 0.50 1 % .90
MWDJAR29 k) 1.50 162 | G040 | 0.016 115 [ 1 100 687
MWDIAR29 ™ 2.50 160 | o 0.015 113 0.78 1 110 6.30
MWDJAR2Y k) 250 149 | 040 nots 113 1.0 1 120 .72
MWDIAR29 n 250 147 | noao | o017 115 1.10 1 130 6.63
MWDJARZY n 230 V47 ) 0040 0.016 115 1K1 1 140 5.5%
MWDIAR29 0 2.50 1.41 1) (340 H.01% 115 AL 1 150 6.40
MWDIAR2Y m 250 1.39 | 044 1 0014 118 120 1 160 633
MWDIAR2D KD 2.50 137 | om0 | oo i 120 i 1 170 6.27
MWDJARS 101 230 [ 2355 | ouan I 37 134 135 t 1 o 340
MWDJARY [ 250 | 230 | 0040 0.929 134 0.49 i 1 10 704
MWDJARS L] 2.50 210 0140 .62 1 049 | 1 il 7.63
MWDIARY [ 2,50 24x ooy 1425 134 ndl 1 3n 1,39
MWDIARY | o 250 194 | M0 0423 i34 .60 ] a0 pEH
MWDIARY | 1% 250 | 135 | oo 0022 134 061 1 % 713
MWDJARS ¢ Hxr 250 1 17 0 (M1 1122 134 0.78% . 1 . O 6.93
MWDIARY | o 3.50 165 1 D040 YOy 13 b U6 i : 3 } k) D
MWDIARY | no 1 qa | L 1 | 30 34
MWDIARG D4 | 116 058 | i 1 ] ] T 1z
MWDIARI) | ;003§ il .6l T 1 T w T 130
MWDJARIY ¢ [T 116 0,50 i 1 ] 20 ] %3
MWDIARN ¢ oua 1T 16 | 0.5 ] T 1 i oW1 736
MWDIAR3G ! wn22 | ile | 0.7 ' ! 1 i 40 ] 729
MWDIARM w1 e XTI ] 1 i S0 321
MWDIARID | 0819 116 058 T 1 [ 740
MWDIARW | T L) 6 0ot ! i 1 P k) .34
MWDIARM ¢ 0 | _eni7 116 077 | ; R 1 [ ¥}
MWDIARM M Came 084 | § | 1 % 679
MWDIARY ! 0 IR 1 1107 t { 1 [ 6.74
MWDIARI ™ I 00 | h9s ' I 1 [0 o
MWDJARM | £ BT T u7s_ | t 1 e i 6.51
MWDJARI ¢ 0 toonms L1 | i 1 130 643
MWDIARID | 0 Lugl? ] g7 ) 1 140 .36
MWDJARSN ! 70 |__hols { 1.3 ' 1 150 6.31
MWDIARM [T | 130 . 1 100 j 627
MWDIAR3 1 uusy t } wan 1 1 o 1 230
MWDIARII | L nos1 | | .88 i 1 ! 10 i 791
MWDIAR3! ! P 006 | 1134 i 1 ' 20 7.64
MWDIARSY ¢ Caon 1 4. t 1 1 10 { 752
MWDIARM [ ool [ | | 1 I a0 7 732
MWDIARI) | 14129 0.5 t ] 1 i 50 ] 727
MWDIARD] | U a2h .43 1 ] 1 | 60 i 730
MWDIARN) 0.0 4% \ 1 3 } ™ F T8
MWDIARS: | 0024 042 | i 1 i 30 700
MWDIARS; ' 0.02) 04 ! 1 ! o 6.9
MWDJARS) 0.023 052 1 i 1 00 6.86
MWDIARSE ! a.421 LR 1 10 672
MWDIARYE | 0021 0.87 | 1 120 6.68
MWDIARM | 04020 0.63 129 1 13 659
MWOIARI | {__tuzn [Ri] 329 t 140 6.52
MWDJARRL | T oo Tam 29 | 1 150 .46
MWDIARYE | 3 0.01% 0.71 229 [ 1 60 | 639
MWDIARM | 260 | 120 ! pasy [T [ .26 1 170 | 638
MWDIARM 260 1§30 b u8sy | 0T K0 (¥ 1 1) 643
MWDIARS) 2.5 117 1 sosy [k [N 529 1 190 6.34
MWDJARM 2.60 112 ¢ oas3 0.016 140 %29 1 2% 623
MWDIARIZ 249 2,81 | 04X 0.047 0.44 300 1 [ 3.07
MWDIARI2 249 236 | bumg 0.047 0.57 L% 1 1 7.9
MWDIAR32 249 | 2.8 1 nodg 0.0410 [ETy [ 1 20 7.
MWDIARS2 249 196 | 04y 11.042 0.52 0.32 L6 | 1 30 751
MWDJAR32 ¢ x 249 249 .48 0038 .82 2.29 14K 1 A} 7.4%
MWDIARY? | ™ 24y ) 204 0.030 .52 0.29 X6 1 50 7.4}
MWDJAR32 &) 2.49 151 0027 1.52 025 146 1 o 137
MWDIARIZ 70 2.49 18 0.022 .52 1.3 106 1 0 714
MWDIARIL ™ 248 | 1M 0.022 052 a.33 06 1 [ 704
MWDIARS2 ¢ M 249 173 0.022 052 0.30 106 1 %0 6.97
MWDIARIZ 70 249 1.67 0.023 0.52 0.7 1.06 1 100 6.30
MWDJARI2 n 2.49 167 0423 0.52 042 3.0 1 110 ¢33
MWDIARS2 hu) 249 1 1 0021 0.52 0.59 ) 1 120 630
MWDJARS2 ™ 249 | 189 0.019 0.52 049 3.6 1 130 6.78
MWDJARI2 ™ 249 1.62 ons 3.0 1 140 6.66
MWDIAR3Y n 249 152 0018 .00 1 150 6.65
MWDIARS2 0 2.49 1.55 [ 1 160 6,51
MWDIARI2 Ly 2.49 1.56 B0 1 170 641
MWDJAR32 ki 249 141 .06 1 130 6,34
MWOIARSY | 0 249 1.3y 07 [ 1 10 6.1
MWDJARY: | ™ 249 .30 1015 106 X 1 %) .06
MWDIARY % 2.4 137 0015 106 X (0 1 0 %0
MWDIARS2 i) 249 1.33 04118 16 [ 1 220 3.86
MWDIARIY & PR EEET) 14 [T t [ 181
MWDIARY} [ 2.62 04062 104 170 0.53 £.03 1 it 1,59
MWDJARIY | ) 2.50 0085 M 1. [ %41 1 20 7.33
MWDJARIY ¢ M) 240 014K 104 ] 1M 06l T 1 W 717
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Stuay 1D TOC Uv-254 Alxalinity Turpidity pH Coagulation Conditions
% CRW % SPW {mg/L} {4/cm} (Mg/L as CaCO3) {NTU) 1) Coagulant Doss Acid Bass Coag.
Raw i Filt Filt. Raw Filt, Raw | Filt. 1) ? ) ? PH
I | {see above) YN YIN) D
1l i T Dlank=N | DlanksN
MWDIARYY | & 272 1 215 1 0un 075 ¢ 8.0} 1 40
MWDIARY) | & 27§ 209 ' 0un U4 1 50
MWDJARSY & 17 204 ;1 00 3o 1 )
MWDIARY3 & 2m 192 L 00 0.31 3 k)
MWDIARI} & 2.72 136 | 0074 [ T 3 30
MWDIARSY « 2R t 097 1 )
MWDIARS3 &0 27 1 24X 1 100
MWDIARM & 251 [ 6T 1 0
MWDIARM o 251 { 0,70 1 10
MWDIAR3 60 2.51 I 070 | 1 20
MWDIAR3A &« 2.51 | o4t | 1 30
MWDIARS 0 251 1 057 | 1 an
MWDJARM o 251 ' 109 | 072 [ S0
MWDJARM o 251 [ o
MWDIARDS o 251 | 3 0
MWDIARM | & 251 1 [
MWDJAR3S | 60 251 3 w0
MWDIARM [ 2.51 1 1 100
MWDJARM ) .81 ] j o ]
MWDIARIA 60 251 1 120
MWDJAR4 s 2.5) 147 | 1 130
MWDJARIS &) Jas | 313} I o
MWDIARDS [ da4 1327 4 1 i 10
MWDIARIS 0 Yad | 202 | i ) 1 i 20
MWDIARSS o) 3a 206 i i 1 ! 0
MWDIARIS [ a4 . 24y | ) e 1 | 1 1 40 i T
MWIDIARIS 1 344 | 231 . MY i 1 1 o | i
MWDIARSS | ot 344 1 237 | T onsy ¢t i 1 i 0 ]
MWDIARY w 344 4 218 [T | 1 1 m |
MWDIARIS | &) Jac t 202 [ I 1 ki i L] t
MWDIARYS | ol Jea 208 i DUIw . 1 ¢ 1 ] %) [
MWDIARYS | o) 344 i 026 | H ] 1 i 1 .
MWDIARIS | 6 Y] i | i ) T 1 i o &
MWDJIARIS ¢ o 344 ' ! ; . ! 1 t N
MWDIARIS 1 5 py i i [ 3 [ ' I 1 ! 130 1
MWDJARIS | i) 34 | i i } i ¢ 1 i 130 B
MWDIARIS | o0 344 i . ; . § 1 150 |
MWIDIARIG | o) i 322 . i ] ) ] 3 [ \
MWDIARYG | o0 | 322 ) \ i t 1 )
MWDIARG ¢+ 6o | 322 f s | ) | Y |
MWDIARG | b 322 ' 1 | f | 1 T [
MWDIARY | 6 333 ’ | H } . ‘ ! @ |
MWDIARIG 1 o 322 t ' ' ] ' | 1 | 51) f :
MWDIARM: | .23 : : ! { : { 1 \ oL ‘
MWDIARS | o) R ' ! | ) | ] 1 { n | 1 T
MWDIARM, 2 : 1 i | i 1 i w
MWDIARY. | & 322 i : ] | 1 ! o
MWDJAR3G ! ) 322 { ! § i 1 | oo i
MWDIARSG | 60 | 3.22 : ! i ! 1 i oy
MWDIARM o | .22 R ! ] i 1 i 20 ¢
MWDIARIs ;o0 | [IEE) D ! f i 1 i [
MWDIARI | 0 1 322 ' ) 7 : 1 1 T 0 [
MWDIARIG | 6 1 322 ) | 107 : 1 ! 150 1
MWDJARIS " .22 07 1 ' 160 i
MWDIARIG © o) 22 07 v ) 1 Y v
MWDIARYG | G | 3.3 : a7 1 1 T
MWDIARIG | o ) 322 i ! Wy i | ] 1 )
MWDJARI? . @ ! 2.56 [T 10y t | ] 1 i [ !
MWDIARYS 1 i 1,56 1+ NN [0 R i i 4 3 } 10 t
MWDJAR3IT o 1.56 T 0030 T ! [N 1 | 20 §
MWINARNT ¢ Wy 2.4 L amy ) ¥ 1 | 1 { 30 ]
MWDIAR3? 60 2.5¢ 10419 niizd ! g f i 1 i &) ]
MWDIARST (& | 236 L0031 w0 e R i T s |
MWDIARS? ! i 2.56 0¥ | a2 1y i 1 i )
MWDIARIT 256 | 131 oo [ ome | oy 1 1 70
MWDIARYT | 2.5 176 | 0039 0.017 109 1 30
MWDIARI? 236 163 | 003 [ 108 i 1 %
MWDJARS? 256 | 162 1 0039 | 0Dis 039 1 100
MWDJAR3? 256 | 158 0 0039 i 001< 109 1 10
MWDIARI? 156 | 142 [ 00w | 00iB 109 1 120
MWRIARIT 256 | 142 0017 109 1 130
MWDIARYT 2,5 132 0.018 1019 I i 146
MWDJARS? 256 137 | v.018 Wy 1 150 ¢
MWDJARS? 1.86 139 ; b il 109 1 160
MWDJARI? 2.56 133 | ' 4 109 1 f 70
MWDIARIR 249 247 1 | Hay 110 4 o
MWDJARIZ 249 1 235 G038 110 1 10
MWDIARIY 349 | 2 0123 110 1 20
MWDIARIZ 249 | 02 0033 110 1 0
MWDIARSS 243 | 1% 0.020 116 i 1 “
MWDJARIE 249 | 19 0.0 Vit 1 50
MWDIARIY 249 | Us6 110 [ 0
MWDIAR3S | 2.49 162 1 0 110 T 1 i
MWDIARIZ 249 1 151 { o4y | 1 | [AE i w
MWDIARYS | 24y 147 1 gudy | 1o | [N 1 %
MWDIARIS | ] 249 133 [ oamg 1 110 313 1 100
| _MWDJARR . | 249 | 139 | M9 | 110 [45) i 1
| __MWDJARIS | 2.49 134 | oy 10 513 1 120 ©.53
MWDJAR3S 249 1,38 | niay 1o 213 1 130 0 4%
MWDIARIS | 349 134 | 1My T 1o x.13 1 180 | 639
MWDIARIS | 249 ' 129 | 0049 YY) K13 1 150 | 633
MWDIARWR t 4% 0 L 1 DIKMY . i FH [ 1 ' [ Y]
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Study 1D Watsr TOC UV-254 Alkafinity Turbidrty pH G [}
% CRW | % SPW {imgil) (1icm) {mgpil. a3 CaCDY) INTY) ] Coagulant Dose Acid
1 Raw | Filt. | Raw ; Filt Raw | Filt. G D 5
f ! I 0 T (e abovel VNI
I I i ] bisnk=N
MW DIARSY P GUS8 | 0.nsT it nay T u4s %26 1 L
MWDJARIY o VU0 T Dha 109 Dag ' oS 126 1 1 10
MWDIAR3® Ll ausy {009 109 048 | 037 220 1 29
MWDJARYY &0 [ 0038 ) 43 0.32 326 1 X
MWDIARM 40 0.089 [l 109 0.48 038 1 40
MWDJIARI? £ [ nuso .03 05 1.7 1 0
MWDJIARIY & 1 D089 U026 109 i) 4% .42 1 &
MWDJARIY 60 1o 04126 104 0.34 1 n
MWDIARYY 60 100 | 00sy 0.025 19 [ 1 X
MWDIARYY ) | (L0sY 0.023 1oy 158 1 %
MWDJARIY of) 1.60 | 10s9 109 (108 | 1 [
MWDJAR3® ® Lo 1 008y 109 0.7 | 1 110
MWDJARW i 1,50 | 0.059 109 0.7 | 1 120
MWOIARM ¢ ] T57 | aose | e [ | 1 130
MWDIARIY | 143 | 0089 109 (X0 ! 1 140
MWDJIARYY | 141 | 0059 109 0.2 i 1 150
MWDIARST | i 0.059 | 0021 109 0.02 1 1 160
MWDIARL (1041 040 123 1.2 ! 1 [
MWDIARS a4y | 0uls [FL) 0 a0 | 1
MWDJARY Q.41 1,034 123 1
MWDIARS 11Xy (1043 .03 123 1
MWDJARL 1o 1.043 0.029 123 1
MWDJARS [y ! 043 [ 0029 12 1
MWDIARS Ty TR T i T
MWDIARS N G4 | o3 113 ] 1 '
MWDIARA 1x [ 123 | 1 |
MWDIARS ity i LA 123 i i 1 I
MWDIARE | 10 ] 0043 1025 12 i 3 1
MWDIARA | }i%) G 1 Gt R . T 0 T
MWDIAR4S | s vog | i 1 o)
MWDIARAD [ ! 1 7.35
MWDIAR4D + _ 6b 1 : | i 7.6%
. oy ! [ ¢ 1 3 7
B i 0 ¥ [ ' 4 &1 i
I3 ] [ i 3 50 ]
[ H . 1 [ ] ¢
, | 024 V B ] 1 | I 1
: 22 j B f 1 Wi [
i Y s i ) 1 % [
1 1 . ! 1 10 i
i 1 ] 1 10 '
MWDIARG | o4 10 02) : 1 120 |
MWDIAR4H | ol 120 * | 4 130 T
MWD)ARS nory | 3 140 )
MWDIARSY 0019 | 1 150 t
MWDIAR4U | 0.01% 1 160 '
MWDJARSD oy i | 1 170 ' !
MWIDIARSD | t 0017 1 i 1 T |
MWDJARI 1t i Dove b 1 ) ] 11 1
MWDIAR4T | ! | : ' ¥ ] o i
MWDIARAL a6y t i i 1 t 10 |
MWDIARS | oSk § t . 1 D I
MWDIARAT | | 1 ] 30 {
MWDJAR! | ! | 1 a0
MWDIAR4 213 | oo i i 1 S
MWDIARAL 215 | auw ? i 1 401
MWDIARS) 2. 1.97 Q0 i 1 n
MWDIARA! 2.64 156 1 0079 | V) i 1 W
MWDIARA| 264 1BS | 0079 1 uu R ] o)
MWDJAR42 237 ¢ 252 [l 54 ' V 1 [
MWDIARS] 237 L 23 | ol G0 1 [
MWDIAR42 237 | 209 [ noat 3 20
MWDIARAZ 237 | 20 | o 1 30
MWDIAR42 237 1.91 | 00! 0.015 1 40
MWDIARSZ 179 | 6061 [N 1 s
MWDIARS2 V771 aost 1024 K 1 P
MWDIARSZ 1161 0.02% 0.75 1.30 1 n
MWDJAR42 0.0t 0428 0.3 154 1 0
MWDIAR4S 0124 11.75 | 40 1 £
MWDJARS2 | . 0026 0.5 150 1 100
MWDIARA2 | 151 |0 [ 0.7% 1,50 1 116
MWDJARA) | la1 [ [ 0.74 1 o
MWDIARS) | 301 (.05% 087 1.5 1 1
MWDJAR4Y | .78 1140 0,72 1 il .53
MWDIARSY | 230 0.03Y I3 0.X7 (1.0 1 E.]
MWDIARSY | 0036 106 037 n.51 Al %
MWDJARAY | 0436 08 0.87 .51 1 50
MWDJARSY | 0.038 Wi 087 061 1 &
MWDIARAY | [ 106 087 | w1 | 1 x
MWDIARA} | (.032 10w 0.57 076 1 1 [
MWDIARAY 0,03 ik n.3? 0.73 1 "
MWDIARAD v 032 100 0.87 .74 1 100
MWDJARAS | 0030 106 .87 120 X3 | 1 110
MWDIARs) | ! 06 0.57 1.1 1 120
MWDJAR) | 106 0.47 I 1 i 130
MWDIARAY | ) W 3.32 1 140
MWDJIAR4Y ) W . 232 1 150
MWDJAR 50 113 B 7. 1 [
MWDIAR44 5 ] 03 130 03 7.99 1 10
MWDIAR44 S | e | (A 1,30 Wit ot 199 1 20
HWDIARAS 5t L | a0kl 103 130 uzd | 199 ¢ Al Rl i
MWDJIARSA [ T i 101 L bonas oAy 1 \ a0 ¥
Page 7 ot 10

C—0310¢6414

C-031064



conv-8-S

Study ID Waier TOC UV-254 Atkaiinity Turbidty pH Coagulation Conditions
% CRW i % SPW {mg/L) {irem) (mg/ as CaCOl) {(NTU) {) C Dose Acid Base Coag,

| Raw | Filt. | Raw Filt, Raw Filt. Raw | Filt, Raw | Filt 1D adjusted? | adjusted? pH
i | | | {see sbove) (YN YN} {)
i ! | ] biankah Diank=N

MWDIARS: 0 3.1 332 ¢ v wins 0 L34 2y 1 799 | 1 S0 7.4

MWDJARA4 st 3.1 28 1 0w 11032 1) 1.30 0y i 799 1 60 1.07

MWDJARe | St pXY] IR 03} 1) 130 0as i 19y ! 1 n 6.93

MWDIAR4A 50 391 'l 1 Oty TN 103 130 02y 799 | 1 ®) .37

MWDJAR4s | 350 301 b2 1 oos [ 0w 103 1.30 0.33 799 1 X 67

MWDIAR4L | 50 331 197 ooea | 0 103 1.30 (.3¢ 7.99 1 100 6.68

MWDJARS | 50 an 135 | oom  hugy 103 1.30 023 7.9 1 110 6.65

MWDJAR44 50 pA3 133 0066 1 O3 103 1,30 .46 7199 1 120 6.52

MWDIAR&s 5n | 3 183 1 0060 b 00w 10} 1.0 0% | TN 1 130 .51

MWDJARA4 0 | 3.4 178 4 0006t 0% [ 10y 1.30 us2_ | 199 1 140 6.44

MWDJARSS 50 30 169 | 0066 | 028 | 1.30 048 | 199 1 150 6.3

MWD)ARS4 50 3.1 166 | 0006 | 0030 1 103 130§ n4s 199 1 160 634

MWDIAR4S 1 50 240 263 1 Y s 0. | 0T 204 ) 1 a 27

MWDIARSS | ) 2.46 20 1 u.6al 105 037 | S8 134 | 1 [ [EX]]

MWDIARAS ) 1 ah T [ 105 0.7 0.30 114 1 20 7.52

MWDJAR4S 1 ] 2.46 29 I 0036 1] 0.7 0.52 1.14 1 0 7.58

MWDIAR4S } 30 2.44 1.9 . ") 108 0.x? 0.33 214 1 an .31

MWRJAR4S 50 2.46 1M 1012 08 0.87 ! (40 5.4 1 50 736

MWDIAR4S | 50 246t 132 0029 s 0.87 082 | 314 1 1 & EATY

MWDIAReS | 50 R an2s 103 087 Da [ 814 | 1 ™ EXH

MWDIARLS 1 b 246 176 toeme i 1 .87 062 o %14 3 L 7.02

MWDIARSS s 246 16v [ s .87 nes | K4 t 1 o 6.3

MWDJARLS | St i .40 1,59 | Iooms 1435 .37 072 ) %4 1 1 1 6.7

MWDJARLS | & t 246 1.56 1§ | 044 ) 10$ 087 054 | %4 ¢ i 1 [} 671

MWDJAR4: | sn 240 152 ° [T 057 nes !ogia b { 1 120 6.62

MWDJAR4: $0 246 146 i Pom s Ungr o um K14 | 1 130 J | 680

MWDJAR4S | s 24 148 ! T T L0876 ot %14 1 140 ! i 64

MWDIARS: 50 1 346 1 4R [ L 103 I 037 o 1o ¢ 314 i 150 i 6.52

MWDIARSS o | P oo T ne 087 120 ) R4 ! 3 184 |

MWDIAR4S 0 t 240 1 1361 boumae 1 G 1 87 1 1, K14 1 17 i

MWDIAR4S S0 [ i 246 ! LX) toonnis s 037 + 150 ¢t B4 | i 1 180 R

MWDIARLL £ i bo2a6 1 256 3 0040 0 oAl jUH ] 0T b e g [} 1 []

MWDIARG, ! S0 i 1 4o 7 254 L oo T et 05 | U7 o am bR i 1 in

MWDIARLG | 5 1 246 | 243 ; 0ndu 001y 0 H ] 07 . 044 i 813 i 1 20

MWDIAR4S © 5 | 2as 13I8 B o b s | foom 0029 & %13 ! 1 ! 30

MWDIARL: St {248 1 208 ¢ OO ¢ v ] [ItH] I P om 08 1 k13 | 1 { A0

MWDIARS: s T 346 & 200 ' 0uAn . uhie Wy 1 0T (067 4 83 | 1 50 |

MWDIARG | RO | 240 ! TR w | 0.9 5 066 b K1Y ! 1 6 ] I

MWDIARG, | £l ! {246 | SR L [ e 3 ' 1 0 i i

MWDIARS: | bl i 24 b b7E | ooan i o s [ 073+ 083 | RA3 | i 0 | !

MWDIARA, ¢ S i 246 1 V62 L DDR [ 00T ¢ 115 ] A A A | 1 kil ] [}

MWDIAR4G S } 246 ¢ 189 L oude P oM (33 t I ! 1 K ' i

MWDIARLN S ! 240 159 5 0dn 0 oo 108 ST LA XY i 1 ] 1) ] ]

MWDJAR4G b i 240 L t26 ooy ooy 0 i R ! 1 | 120 ] |

MWDJARS: ¢ st | | 240 132 4 baso 3 o s 07y 1 LU . ELY - ' 1 { 1o ]

MWDIARS | B i [ A A s { 0.71 nas 1 Ty ! { 1 140 »

MWDIARMH | S0 i T 24 117 o ooan o nole ns 07} XL i Al 150 !

MWDIARS | W [T 240 i 118 Towo omi © e [ [ i 1 o |

MWDIAR4T | s | P 279 0 270 gaKY b 0l 102 042 w40 | 323 ¢ | 1 0 |

MWDIJARST K ‘ il 23 1 0nel t Guaw 102 042 | us0 b33y | 1 10 ¥

MWDJARS? ¢ 50 t i 17 339 006 F oy ) | 042 ' par i 12 i 1 ) i

MWDJARAT Su { I S R O L jit3 1 Yonay )ownIe 323 ¢ A Wy {

MWDJARS™ S0 ' G279 248 o6l ner L w2 ! 042 | .42 %23 i 1 40

MWDIARAT St ! P79 v L 006) . s ) Wiz (142 [(XH 22} ¢ ] 1 50

MWDIARK b i | 279 0 13 ¢t ooed naze 4 042 ;0.5 23 ! ] 1 L

MWDJARLT 1 St t I 176 ) wued ! oM 102 04 | oS 123 | t 1 ™

MWDIARSY s0 i 27 169 ) 0061 ' 0uM g 041 | 04} [ET] 1 [

MWDJARL™ sn | 278 Lot | ok Y iz e b 054 | X2Y 1 x1

MWDIAR? | 50 RS 15k Foes) i 002w ¢ 443 | 038 1 R 1 o

MWDIARST 55 | 27 1 lal ey Ry i w oo G4 o 06k | 323 ¢ ' 1 He

MWDJART . 0 RN ST T a4 1 0B 1 B3 1 20

MWDIARST * 0 f [IESL) 150 i poed . Bt 0y 047 o 0E 1 R2} 1 130

MWDJARS? £l ] D P4y 3 006l & 0w 102 42 oxe b | 1 140

MWDJARL™ ¢ st [ 27 E4d o umh3 b e | 2 042 g9 | B2y ! t 1 10

MWDIAR4™ 50 L7 145 ¢ i} i 0o 2 043 [T I~ ~ | i 160

MWDJAR4S ' 11 13t 1A 0026 8 t N 240 1.3 791§ i 3 9

MWDIAR4S 1) 330 | 320§ h426 | GI0Y s 3 240 axs ¢ 79 | ] 1 W

MWDJAR4S | 3] 33 108 onzer nomt |7 240 XTI 1 20

MWDIARLR 10 331 1 268 0126 | Ok @ 7 3.41 0.54 i 79l 1 30

MWDIARS | ) 33t j 236 D ade ) ome | 0m 2.40 08 | 91 1 1 @

MWDIAR4S [IE3 AN 12 el nas4 73 2.4 u4s 1 791 | 1 £

MWDIAR4S 1 331 202 [ 013 1T oM | 7 2.48 [T 1 60

MWDIARSS 1 331 189 S 00260 ey [T 2.40 0.95 7.9 1 1 n

MWDIARAT 1 331 183 | o2 | ause 07 240 at) 23t 1 0

MWDJAR4S | 100 3.31 178 3 0326 F a8 1 13 2.40 [0 7.9 1 Y

MWDIARSS | st 255 255t wus? [ 94 0.34 a.36 743 1 L

MWDIARLE | 50 2.55 2.32 | 0087 [T 0.3¢ .17 1.9 1 0

MWDIAR4S |{ S 2.55 2.20 | vos? 0048 | 04 .} 0.17 793 1 20

MWDIAR4R | [ 255 214 I o087 D04 0.4 0.19 7.91 1 Rl

MWDJARAS | S 2.85 197 10.057 [N Rl 0.3 0.20 1.93 1 Bl

MWDIARSS | 50 2.8¢ 1.36 0057 0032 o4 114 420 7.91 1 50

MWDIARSS S0 158 174 | 0087 [ 44 0.34 030 7.93 1 60

MWDIARAK m 145 168 | 00s7 0.2 04 0.34 0,19 7 9% 1 N

MWDIARSY S0 2.8% 167 | 6087 020 Y4 .34 .20 193 1 0

MWDJAR4S 50 258 16l 1 oos3 [T oM 0.2 7.93 1 x

MWDIARSS S0 2.5% 149 | oSt ot M (.34 11,40 1.9} 1 100

MWDIARIY ! S0 2.58 1.55 1 0087 [X5 It 04 M 0.3% 7.0 1 10

MWDJIARR | [ 335 1 LS . oSy [ 0).34 (142 7.93 1 120

MWDIARIS | 30 255 1 BSh ) HOST L BU3 w4 .34 42 7.9} t [

MWDIARA: 1 5 285 & L4y 08T 002 | 94 0,34 1) a4 79 | 1 140

MWDIARLR 50 i 2.5¢ 147 ¢ @OST 1 o ¢ 4 03 | o A 1 180

MWDIARSR 50 ' 288 TR e ! 44 Ot 1 T8y i 1 [ 6 33
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conw-B.§

Stugy D Water 10C Uv-254 A Y Turbidity PH Coag Conditions
% CRW | % SPW | imgit) f1em) img/L. ax CaCOd) INTU) 1) Coagutant | _Dose Acid Base Coag.
Raw | Filt. | Raw | Fit, Raw Fit._ | Raw | Filt. | Raw [FiR 13} ) 2| adj ? pH
] (see above) {Y/N) {Y/N) [{]
! ADXEN Diank=N
MWDIAR4Y ¢ X 233 2,36 3 0077 1 007 kz3 .85 U7 1 n .07
MWDIARSS | [ 233 | 220 T 0077 T Owes 7 0.57 07, 1 10 768
MWDIAR4S | 1% P} 1% | T 0.050 73 0.75 17 K F 741
MWDJAR4S i .33 203 | 007 0044 n 0.56 307 | 1 0 724
MWDJAR4S 100 33 ERd [ 73 0.72 3.07 1 « 715
MWDJAR4D 100 233 175 1 0o [ 2] 0.78 .07 1 50 708
MWDIAR49 o 233 L2 ) 00677 1) 1140 7 0.51 547 1 &) 7.0
MWDJAR4Y 10X .33 L7 oo 0.037 n 047 1.07 [ 1 0 6.37
MWDJARSY 100 2.3 142 | 0077 0.03¢ k3] 047 3.07 1 1 x 6.73
MWDIAR4® 1 133 141 | 0077 0 O3S k&) 0.57 A7 I 1 % 666
MWDJARS | 1 2.33 154 | 077§ 0ada 7 1.56 .07 1 00 6.53
MWDIARSS ¢ 1k 2.33 131 ) ou77 1w 73 0,60 3.07 1 110 6435
MWDIAReS | X 233 130 L 0077 [0 7 043 %07 1 120 633
MWDJARAY 1090 133 125 D007 ome 7 .64 807 1 130 6.23
MWDJAR4Y 10 23 120 b o7 1 0mg 73 0.65 2417 1 140 6.4
MWDIARS 1 237 JAD | UMK | 04 131 4,76 0.5% 8.23 1 0 .23
MWDJARS 100 2.37 227 | MK 143 131 0.76 057 323 1 10 738
MWDJARS X 2,37 .19 | 03 CRALEN] 131 0.7 047 23 1 2 277
MWDJARS ) 237 | 232 | 0048 003 | 13 0.7 0.59 123 1 i) 766
MWDIARS 100 237 | 1 T oods ) peas | 13 .76 [ .23 1 40 1.52
MWDIARS 100 237 190 | noss [T LT 0.76 .46 3,23 1 50 74
MWDIARS i K 137 EEIED 0ms  (33) (X 078 [FE) 1 [ 7.36
MWDJARS | 100 237 [ 184 ot T poze T 130 0% i o7 323 | 1 ) 725
MWDJARS | X 337 | 177 | toax 0o |1 b6 | 081 | &2 1 1 M i 716
MWDIARS | [ 237 | 178§ oooa 0024 | 131 0.76 085 | 823 ! 1 W) i 7.08
MWDIARS | 1 | 237 | 168 L 0(4x | wols T 08, Ky | 1 I I 106
MWDIARS 100 237 ¢ 165 | uoak i aos b 131 .76 1.30 £} ) N 1 1y | A 4
MWDIARSH 110 39 i A4s 0P otm 7 | 1.7 1.50 Bk | 1 0 I I
MWDIARSO 1R 300 | A5 | 011 wur | 7 | [N .79 [T | 1 10 1 T T4
MWDIARSO [l 350 | 307 ) 0010 Gy T | T 7 03y | s ! 1 1 20 1 AT
MWDIARSH | 1K 3 1 IR G OdM  amr T K 1132 R ¢ 1 ! 30 | i 699
MWDIARSH 3] 300 FO23% P enin g o k] | 17 4 o0al EY H 1 I 40 i 11 &9
MWDIARSH 1 30 Y 225 0l oy ” | i 7 | a6 30 , b | 50 | ] 6.29
MWDJIARS 1K) IE IR vt a4 ™ b ( PYOOloaeh i ki t 1 ! 60 I ] &.60
MWDIARS) ¢ 1) .00 06 [ Bt Ul 7 [} PLT bt usK i R, i 1 i n | [
MWDIARSG | X 1YY A ) G0 kd KRNI Y : 1 { L ! | 831
MWDJARSN ] [I51] T3 200 Y gh . o2l 71 17 1 06T b R ! ' 1 i o) ] | b.18
MWDIARSG R 208 ) oo 0s kal 1.3 b oau s ] 1 i 1 | | 593
MWDJARSG 1 L | 180 | 04 .t ¢ kil P s 1 X | 1 110 I (R
MWDJARST | 11y 309 307t op9T L uioy f | 085 & S0 Im ! 1 [ | ! 736
MWDIARS) | T 308 244 T L 07 11 1 oa% 1 033 | 780 & i 1 10 i 7.58
MWDJARS) | 1] 109 338 . eu9r: anmd | 3 T uss 1 03¢ REI ' 1 1] ! 7.38
MWDIARS] ! 10 [ L 297 0 0T - oG Xl (.85 1).41) T - 1 | M 714
MWDIARSSY | W 1 v 1 242 1097 L nose 1 113 .85 0.2¢9 TR 1 | Ll .00
MWDIARSL [ 100 E 309 1 223t 08T naMe L3 188 n4s T8 b 1 i 50 { 100
MWDIARS! ¢ w0 1 309 | 25 i 0wt D o051t 8t X 0,30 M s 1 [ V697
MWDIARS) L MW 233 4 0097 - uoea . 81 015 Ul TM ! . 1 n i T
MWDIARSE + W b e a3 0097 1 oMo LK) [ u.M LN ! 1 30 ! ! 6.60
MWDIARS | B0 L 309 0 33 ) 097§ 00w & [ 033 FETN | 1 90 | T 5.5
MWDIARS! | e 1 309, 208 0wl 1 pow [T [ 0.3 TA) ! 1 4 N [ 443
MWDIARSE i ¢ [ I K BN N O X A X 1) L) i 0835 Q.60 ¢+ TR0 [ 1 . Ha | [ 635
MWDIARSI P fo3ow o174 s amwT 1 auds L] H.X5 03yt v 7R 1 120 : 6.3
MWDIARSH | { 100 1 309 T (91 | 0wl b a3s g L1 1L.8$ D3 1 TE 1 136 i 428
MWDJARSY | t 278 1 tea [ oox 4.7% O 17! i 1 [ i 7.91
MWDIARSY tog | 7R 1 23K Pnoel | 478 var | T 4 1 ' 1y 7.m
MWDIARS? | 1§ 278 | c4n YT 0Tt | o | T5z 1 . 1 t 0 733
MWDIARSD | §ixs 276 2y Voex o | 078 L w3 1 . | 1 i 30 704
MWDIARSY | i 27 0 198 {onuan i | 0% | 03 | 1m | ! 1 an EAT)
MWIIARSY | [ PRI [ 678§ el ;1M - . 1 s 692
MWDIARS: | 100 27 1 175 | ) wast RIS N R ' 1 [ 6,58
MWDIARS2 | 10 278 1 e Ponoxk 078 | n47 b 772 o 1 1 mn i X
MWDIARS ! [ 2.7% 182 1 GUe | i 07t | oet | 1T [ 1 | [ t 67
MWDJARS? 1t 100 178 149§ nos ) f [ nse 1 77 | { 1 [ 0 1 6.65
MWDJIARS? | 100 2.7% 147 1y 028 (X3 s« | 7m | 1 Tox | 6.5%
MWDIARS: | VX P V43 024 (%) .50 1T 1 1 645
MWDIARSD 100 278 1.36 0.023 .78 .52 m i 1 120 6.4
MWDIARS2 100 278 129 0.023 0.7 065 17| 1 130 625
MWDIARS2 W 2.7 N 0024 0T (e 17 - 1 140 607
MWDIARSY 100 28 240 L 0065 | (0166 79 Lo 0.38 798 | 1 n 7.9
MWDIARSY | [ 235 | 234 | nuel \ 046 il (A1) 041 7985 | 1 W 7.58
MWDIARSY | 0 FER 1O% | 006t 003 3 [} 0.4 oL | 1 an 331
MWDJARS3 10X 238 206 1 0065 0021 79 110 0.38 Tt 1 n 7.13
MWDJARSY el 25 159 ;%S 0017 9 (R .42 798| 1 L 747
MWDIARSY e 235 175 1 s wole {79 140 [ 7us [ 1 50 697
MWDIARS3 10 225 14s ) 0nes | o) 7 110 .59 798| 1 w .69
MWDIARS3 100 2.8 138 | noas | oy 79 110 (%] 798 1 L) 6.5
MWDIARSY [ 335 | 139 L naoes [ i 110 [ 181 1 (] 6.54
MWDJARS) 1z 225 1 143 | nogs 0 o7 ™ 10 0.69 798 | 1 % 646
MWDIARS3 100 228 131 [ 0068 | 0 79 [ 0.9 7.9% 1 1 ) 633
MWDIARSY 6 235 1,19 G651 D ki) | .40 9% T9% 1 10 (¥
MWDIARSS 100 2.92 321 | o7 f oo 72| 0.5 0.55 787 | 1 [ 7%
MWDJARS4 ! 1o FX7] 291 ; 00%~ T pope L3 0.52 0.7 781 1 1w T84
MWDIARSe Wt 182 231 | 008 1 aost k2! 0.51 .58 787! 1 0 154
MWDJARSS | 1w+ 202 258 1 uosT 1 uody n ©.52 0.52 747 i 1 3 135
MWDIARSS ! o+ 202 S05 | o087 | woss | kz 0.2 447 AN 1 AU 7.8
MWDIARSS COEX:! 19V tougt b oo T 451 045 x| 1 s0 kAT
MWDIARSA | 100 2.9 163 ' 00KT i ooy | n .52 .52 787 | 1 ) 637
MWDIARS | W 292 149 [ uag7 1 oozt 1M u.82 0.49 787 | 1 ] 635
MWOIARSS ¢ [ 191 LSSy GuRt,  wen k7 0.5 [ 187 | 1 ] [%:]
MWDIARSY | [ 2.92 142 | omx7 ] oo k2] 0.5 0.57 757 1 1 % 8.55
MWDJARS4 1% 297 1 144§ BIRY )\ onf kz] 0.52 0.64 787 i 1 1K1 649
MWDJARSM ¢ %) 392 1Ak | oaox? it ™ {52 o 56 787 ¢ 1 (11 17
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C—031066

C-031066



oonw-8-S

C—031067

Study IO Water YOC UV-254 Al Y Turbidiy pH Coagulation C
% CRW | % SPW (mg/L) {1/em) (MQA. az CaCo3) (NTU) ) Coaguiant | Doss Acid Base Coag.
Raw [ Fiit | Raw | FiL Raw Fit. " Raw | Fir | Raw [ FilL 1D adjustad? | adjusted? pH
(see above) YN} (YN} [/}
blank=N | DlankaN
MWDIARSA 100 292 | 1% | 0087 | ouie 7] 052 | 063 | 747 1 120 5.1
MWDIARS 100 22 | 127 [ o047 | oon 7] 052 | 068 2.87 1 130 6.08
MWDJARSY 00 292 | 122 | 00857 | Goi4 z 52| oA 787 1 40 3.93
| AWDIARSS ) 292 | 125 | 0087 | o014 151 | 098 | 147 7 I 559
| MWDIARSH 0 297 123 | 0067 | o003 052 | 130 | 78 1 60 551
MWDJARSS D0 268 | 265 | 0086 | oon3 62 (%) 035 | 132 1 ] 77
MWDIARSS 100 26 | 243 0086 | 0.06) %] 0.7 042 | 702 1 10 752
MWDIARSS 100 268 | 224 | oot | 0.3 2 0.7 074 | 1.8 [ 20 735
MWDIARSS 100 268 | 200 | 008 | 0.040 ) [ 024 | 7832 1 3 7.3
MWDIARSS 100 268 | 176 | 0086 | 003 & [ 039 | 712 1 I 713
MWDIARSS 100 268 | 17 | bose | 003 ) 0.7 030 | 143 1 50 730
MWDIAKSS 100 248 | 158 10086 | 0% @ 071 02 | 1m 1 60 7.08
MWDJIARSS 100 268 | 140 | 008 |  0.029 & 072 034 | Tn 1 k) 5.7
MWDIARSS 100 268 | 145 | o086 | 0037 ) [X:) 035 | 71 1 30 634
MWDIARSS 100 268 | 140 | 0086 | o4 Q o 03| 7. 1 ) 567
MWDIARSS 100 268 | 134 | o086 | 0023 %) .71 035 | 182 1 100 550
MWDIARSS 100 268 | 147 | 0086 | o024 %) 0.7 04 | 183 110 645
MWDJAKSS 100 268 | 131 | 0085 | 0.024 Q2 (X7 044 | 732 120 620
MWDIAKSS 100 268 | 134" [ ooes | oo 62 on_ | @8 | . 130 595
MWDJARSS 100 268 [ 13 oo | oo a (X7 o5 | m 1 140 543
MWDIARSS 100 262 | 130 | ooss | oon [ o o | 782 1 150 532
MWDIARSS 100 262 T 132 Tooms | oon 3] 07 om | _7: 1 160 5.30
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Study ID i { Disinfsction By-products Coagulation Conditions
ered TTHM HAAS Coagulant | Doss Acid Base Coag. Coag.
mmoni | bubation t| Residual {ug/L) {ug/l) iD adjusted?|adjusted?] pH temp.
dose {h) Raw FiL | Raw | Filt. {ses above) {YIN) (YIN) {) {deg. C
g NH3-N{ chlorine |(mg Cl2/L.)
MWDOP4 67.4 29.4 1 20 Y 7.17
MWDOP4 62.7 <2%.9 1 20 Y 7.11
MWDOP4 54.9 <223 1 20 Y 6,34
MWDOP4 49.9 21.0 1 20 Y 6 40
MWDOP4 53.1 20.9 i 20 Y 5.52
MWDOP4 512 224 1 20 Y 5.7
MWDOP4 62.1 23.8 1 30 Y 7.26
MWDOP4 63,5 <24.7 1 30 Y 7.08
MWDOP4 $3.0 <211 1 30 Y 6,26
MWDOP4 533 <20.3 1 30 Y 6.50
MWDOP4 48.1 <173 1 30 Y 6.23
MWDOP4 46.7 1.5 } 30 Y 543"
MWDOP4 56.4 24.9 1 40 Y 6.97
MWDOP4 57.} 25.3 1 40 Y 7.24
MWDOP4 52.4 <21.5 1 40 Y 6.30
MWDOP4 43.9 <|3.7 1 40 Y 6.19
MWDOP4 45.9 <180 1 40 Y 5.65
MWDOP4 46.1 <186 ] 40 Y 5,74
MWDOP4 43.6 <158 1 40 Y $.42
MWDOPS 2.2 1.7 1 10 Y 5.88
MWDOPS 22.0 147 1 20 Y 7.58
MWDGPS 18.7 111 1 20 Y 6.89
MWDOPS 16 6 9.5 ] 20 Y 6.50
MWDOPS 174 9.2 ] 20 Y 5.75
MWDOPS 17.5 <106 ] 20 Y 5.31
MWDOP$ 18.7 9.8 1 40 Y 6.90
MWDOPS 16.3 9.2 ] 40 Y 5.53
Page 4 of 4
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C-031072

C—031072

Utility 10: SCVWD (ACWO, CCWD, EBMUD, MWD, SCVWD] _
I | | I I [ ]
1. Study - Pilot Study 93-9¢ {Optimization Study B/85, etc) 4. I blended source water indicats
T T [ 1 [ I {sourcas and proportions: |
2, Source water: South Bay Aquaduct {River, lake, groundwalar, eic ) Source %
] ] 1 ] I
3. Source iumz. D: Stats Project Water (Stata Project water, biend of ..., etc)
] [ [__ |
5, Describe _hc._ of study: Bench-scals in this data sheel, "Fifl.” refers ta datax coliected
{indicate with an *X'} X Piloi-scale after and
Full-scate fiftration,
I
§. Indicate with an X' if data reported as “Filt.” ace from P tion only:
I i i i or after sedkmentation and fiitration: X
WATER QUALITY DATA: CONVENTIONAL _ _ *
il | { I |
Date T0C UV-254 Alkalinity :ua:u s Bromide Chloride TDS Turbidity pH Temperature
Img/L) {i/cm) {myA. a3 CaCOJ) (mg/. as CaCO03) {pglt) {mg CVL) {mgh) {NTU) {) (deg. C)
Raw Fiit. Raw Fift. Raw FiH. Total Calclum | _Raw FiR. Raw Filt Raw Filt. Raw Fin. Raw Fil. Raw Fin.
Raw Fin. Raw Fit1.
117393 348 248 0.127| 00532 83 8 1"i " - 170 81 232 237 29 oon1 (X 788 187 2
11/4/93 332 214 0.113{ 0 0348 85 70, 122 122 150 57 230 234 209 0.054 7.58 896 87 208
11/18/3 1.52 0.112| 0.0238 60 2 103 103 230 75 235 253 7.99 0 098 7.48 582 188 175
11117193 305 0.73 0118} 001t 82 21 105 105 220 71 238 255 1013 317 7.42 5§53 164 181
11/18/83 2.4 0.92 0.114] 0.013 70 28 105 105 220 74 24 251 4.88 0.048 7.24 8.24 175 182
117393 348 2.48| 01427 0.049 33 87 17 117 170 61 232 240 29 0 066 76 88 187 21
1113193, 3.46 122 0127 0023 a3 68 17 11 170 B1 232 242 29 008 78 649 187 213
. 11483 33 2.18] 0113 0.03% 35 68 122 122 150 57 230 240 209 0.063 7.58 7 187 20
T {vans 332 0.7] 0.113 0010 85 35 122 122 150 517 230 250 209 0 041 758 B 44 187 213
11/15/93 298 105( 0123 Q018 k3! 12 108 108 170 72 237 280 4.78 0048 7.75 5.49 17.7 18.7
111593 298 1683] 0123 0028 71 13 103 108 170 12 237 253 478 0 096 115 § 52 177 171.5
1116793 281 094] G112 0018 80 7 103 103 230 75 235 257 7.19 0.051 7.43 5.58 183 178
21584 482 274] 032\8 0.057 83 55 115 1% 180 218 234 137 0,101 7.59 8.4 12§ 133
412582 48 257 o0.181 0048 1 58 124 124 k5o 250 70 212 283 504 007 787 8.71 16 ®. 172
4127184 4.687 249| O0.168 0041 82 57 127 127 53D 73 214 pidl 797 0.0687 784 873 174 179
42494 4.58 24] 039 0.040 3 5 128 128 550 L] 280 83 8.69 Do 877 18 1823
51294 4 58 253 D0.181 0.041 81 &0 121 127 560 i2 281 292 534 0.085 8.7 178 179
5/18/94 3.97 2.57| 0.42 0053 85 30 128 128 450 50 241 248 557 0.0k 708 182 81
SI16104 397 257] 0.142 0053 85 30 128 129 450 50 241 248 §.57 0.104 7.08 182 181
T wiemd 387 257f 0142 | 0053 95 20 126 125 450 Ed 241 246 557] 0.104 7.08 5.2 [X]
5/16/94 3.97 2571 0142 0053 25 20 128 129 450 30 . 244 248 557 Q104 706 182 [EX
S1im 3T 2838|0155 | 0058 &1 63 120) 7 Ti20 539 : 68 ] 259 492 ooar 738 i85 135
5/18/94 308 2.57| 0.14% 0.050 35 71 120 120 s0g 69 281 2 54 0063 7.08 18.5 129
524784 3.89 2.73] 0138 0.050 L) 82 128 128 &70 54 238 242 884 0083 812! LA 183 2
E 557 231 0.282 0.045 70 53 13 113 170 120 235 250 L1 0099 78 823 145 153
L 557 231 0.262 0.045 70 53 113 113 t70 120 235 250 968 0099 78 0.23 145 158
557 231 0.262 0.045 70 53 113 113 170 120 235 250 vee 00938 78 8 21 s 158
557 231) 0282 0 045 0 113 13 170 120 235 250 988 0099 18 823 145 15.8
32 208; 0121 0042 17 115 115 B60 7 263 268 45 0072 a1 718 18 22
322 248] 0iMd 0054 78 7 17 600 263 278 453 Q117 823 7.32 188 212
325 26| 0118 } 0059 78 i3] 113 £00 290 73 f 267 275|488 o00ss 82 745 182 201
! 3.15 1687f 0118 0027 9 114 114 1800 560 73 266 282 425 073 798 8.55 17 3] 97
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1. Study
2. Sourc:
3. Source
WATER
Date | Turbidity H Temperature Bromate Chiorination conditions
NTU) (deg. C)_ (gL HPC Fillered
Settl. | Ozon.{ Fit. | Raw | Settl | Ozon. | Filft. Raw | Setti. | Ozon. | Filt. | Raw | Settl. | Ozon.| Fill. {CFUmML) ndicate disinfectani{s} Chlorine A b buk [ Jocub, pH Residust
Raw | Settl. | Ozon. | Fit. |  used with an "X’ dosa dose [] temp,
chiorine | chioraming | (mg CIZL] | (mg NHI-NIL} | chiatiae | chicramine | {d¢g.C1 1 0 | {mg GIL)
_sitin3 2 008 78] 643|643 o[ 192 2 1 3833 X X 25 0.73 0043 168 20-25 68 2.18
BETLTE] R [X] 78 656] 656) 656 21 215 218 115 108 X X 25 066 0.083 168 20-26 [X3) 797
$/2593 3 68] 833 633 1] 178 165 135 3100 X X 25 0.73 0083 168 2027 641 23
Jisme| 232 0.164| 758 624 62¢| 634 i25[ 128 148 ] 2| 820 1500 X X 2 049 0 033 (] 20.28 634 146
WiRd| 308 Qo7i|__ 36 64 64 6%3| 145 i X 2| 2100 1300 X X 2 045 0083 168 20.29 52 135
J14154] 1495 0087|728 65| &76f 658 128 112 18 22 26 2800 X X 2 058 0083 2030 58 167
ansmi| 202 005| 787| 689] e69| 692 169| 112 i78 E] 2 3] 510 X X 2 0.5¢ 0.083 20-31 92 149
TiRssA) 202 0053 87| 669] G669 673 i6s| 172 182 2 Fi i 2100 X S 2 (Y] 0083 20-32 78 142
Sies| 214 0 066 i 704 To4f s98| 182 77 186 24 29| _1500 1300 X X 2 05 0083 [ 2033 a8 159
! THEA 2.4 0.067) 804] 704] 704| 68| 162] 177 14l 24 21500 3100 X X 2 [H 0083 169 20-34 ] 1.52
R MEAL ooAif 81| 68| 68| 887 18| 195 208) 35 R T 860 3 Ty 2 047 0083 168 20-35 667 T4l
G R 0028 &1 68 68| 697 18] 195 FEH 24| &880 3100 X | x T 2 047 0083 168 20-36 597 742
1193 2 008 78] 643] 643 20 192 F] i
S8R 1.7 [X] 78] 656] 656| 656 21| 218 218 15
N 3 68| €33] 633 87 178 165 135
52693 42 028|  68] 63 €8] 649] 73] 187 8 ]
“wiwsd 3! © 097 74} 6403] ©403) B21] 229] 239 758 i
R R 0.05 73 sai] &1 23[ 253 22
82N 15 [X] 76] 621] 621| 835 225 263 274 X
W83 F] 062| 747|593 €08| 237 7% 265 i
i0Mm3| 127 D04| 74| 6352| 652] 844 79| 186 %05 1
T05e3| 114 00ss| 7481| 662 662 7|__182] 1ae 138 42
i0/6m3| 128 0083| 781] 677| 677| 664[ 177] 178 8.7 KX
To7m3[ 181 ©5ss| 734|689 688) 68 184| 183 22 47
1073|181 0O0SBl _794) 685| 683] 69| 84| 183 22 43
o293l 29 0.065 76| coal  &88( 65| 145 19 08 124
101 283] 2. 0.065 76 698] G98| 75| 185 [E] 209 i
101383 218 G128] 793] 7T18| 716| 61| 188| 184 20 i
101383 24 783 76| 116 61| 88| 134 20 i
/1483 34 7 7 76353 19 19 203 [X]
ToRAM3|_ 134 7667} 687 B15 19 192 202 6.4
17483 134 008 667 6.15 is] 192 02 27
12184] 336 0415 628) 633 1158 13 154 2
U154 232 0.164 624f €34] 125 128 143 i 2
ViRi[ 305 0077 64| 652 145 41 166 i F]
Viasi] 1489 0.087 676] 658) 128 142 i8 2228
4258] 2 005 669]  692] 169] 172 178 2 F]
anim| 2 0.058 Bo9) s88| 74| 171 185 2 F]
[4Zem] 2 0071 591 684 16] 164 18.3 2 F
S/ 0.074 614 68 &l 114 i85 1 3
Si69d[ 214 0056 704 688 62| 1717 186 24|29
SATRA| (79 0054 7.46|__7.12] i85] 189 196 77|28
S99 216 0058) 856 7.2 71i2] 694f 185 {84 197 24 21
SAsA| 204 0056] 8.12] ©683] 683 687] 168 193 2
IO AL 004} 8. B3] 63 687 i [LH 353
BT 194 0044|829 7 7__&2| 1 201 218 4 3
G564 087 0037 82| 6.9 679 o4l 18 193 205 22 2
w1694 158 0032| 798| 693 683 F14 MY 86 204 2 2
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i Sudy
2. Bourcy Indicate coagulants studied:
18] Coaguiant Chemical formula Units
3. Sourcy m— Alum AI2(304)3 my/L
2] Fanic Chio FeC13 mgh.
3
[
WATER TREATMENT CONDITIONS
] |
Date Disinfection By-products Coagulation Condy Ozonation C
| ® HAAS HAAR 10X Coag Dose Acid Base Coag. Coag. | Ozone | Ozone ;i Contact | Ozone Gzone
A) {s ] {pgit) g [5) 10 ; &....m..“_m.ﬂ IumM::&w. pH ) ternp. | dosw residual ke pH temp.
Oron.| Fifl. | Raw | Setti. [Ozon.| FIX_| Raw | Setti. [ Ozon.| Fi. | Raw | Seitl. [ Ozon.| Fit. [ (see above) Ny (YN b 0 Fideg C} | imgit) | {mgh) | {min) | {deg.Cl
S193 2 €0.3 §18 2 20 N €43 92 76 07 H X 192
5/18/93 7 i6 175 2 20 N §56 215 2.1 13 ¥] 65 FIE]
525083 i1 25 37 b} 36 N €33 173 LR I 2 [¥Z] 197
I 2 152 167 2 30 N 624 128 T2 oa 2 524 133
yimi 20 138 15 30 N B4 i 09 6.2 ] 636 51
347 " 3 15 22 N 576 142 09 015 ] 851 :J
L] i 17, 189 2 o N 669 172 07 15 i 67 17
A5 30 152 167 20 N ©69 72 07 15 ] 67 17
/1694 30 17 194 2 20 N 704 177 09 3 1 7.04 17
516734 FE] R 59 174 2 20 N 7o T 58] " oia 12 7.04 177
“snami 28| i74 88 2 20 N 68 188 09| T Tots| T a2jT w9 19 wJ
513751 [+] 5.7 772 2 20 58 95 05 ais 12 §3i 196
11193 16 o7 12 64 193
1883 Z1 13 12 §56 21 8|
5725183 34 X R E 6.22 197
572613 4 106 12 X 167,
818193 [¥] 9T8] 12 621 258
R 3 02i] 12 53 23
826193 71 [RE] I 81 %3
%13 X 026] 12 E 251
104193 [X] Q22| 12 X0 196
[CELY [R] 074 12
10513 21 185) 12
RLZE [X] 06| 12 [X] 20|
107793 17 o8| 12
1071293 27 i35 12 (X X
10z [N 02 12
161393 L] o7s| 12 8.05 197,
10413193 26 13 12 598 153,
1014793 22 063 12
[ 26 128 12
10714753 22 083 12
127754 1 073 12 5.28 13
2154 72 028 12 624 133
Vi (K] 012|112 636 157
14588 69 65| 12 651 185
An25i84 (X} 015 12 57 173
il i 02 12 684 18
4288 1 035" 12 654 169
B i 0.8 12 [X] i85
51684 ] o8| 12 704 177
ST 105 o) 2 732 (¥
"ENesA 105 027 2 7.05 19|
504194 [X] o8] 12 (] 98
1394 0.8 18| 12 691 186
“wiast [E] 4|12 706 191
B/15/94 [¥] 24] 12 7 .&
5/16/94 [X] 9 1 7 194}
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Fm'r'm',' T0; 3SCVWD TAGWD, CCWD, EBMUD, MWD, SCVWO) R P B
I ] 1 [ | [___L
i, Study 10; Pitol Study {Optwnization Study 9/95, #1c.)
I I I I | |
2. Source water: South Bay Aguadud - San Luls Reservole  |{River, lake, groundwsler, eic.)
3 | 1 | ] . —
3. Boucs wates 10 Stae and Federal Water Projects {State Project waler, blend of ... A - _': N - .
§. Describe ievel of study: Banch-scah in this data sheat, "Fill." rejers to data coliecied T —
( with an "X’} X Pllot-scale alter 9 [ , i , and
I Full-scate fitration. | _"
1 - .
8. Indicate with an "X* ¥ data reported as “FIR." ars from after only: -
[ 1 I I or after ualmmmlmﬂhﬁilfm: Y - - o
WATER QUALITY DATA: PRE-OZONE 1 | L
] |
Date Time joc uv-254 Hardness Bromide Chloride s Turbidity
| {mgh] {i/em) ___lmoias TacEy) oghy” g NHIHL} tmg CIAT |~ (mah) INTUL
Raw Ozon. Fiit. Raw | Ozon. | Filt. Raw Ozon. Ozon.| Filt Raw | Ozon.| Fifl. { Raw | Ozon.| FiX. Raw | Ozon, | Fiit.
51193 351 213 & — ] ) 236 11 005 78| 78 664
T 358 135 82 234 220 10 005[ 78| 78] 666
52593 588 297 79 - 270 —m 8 83 88
Ti717793 305 208| o118 oo2e | 83 PR D A1 238 262] 1013 0.074] 742 788
4B 34 191 0120 5028 64 - ] 235 23 2% 0if[” 71 K
150 327 183|013 0030 69f 1 a|"qe3)” "l Tiez| _pas| T f T - 236 3| 748 To082f 748 [3H
[ 321 1.09] 0119 0,018 63 - 2% 23] 248 0085 748 6.81
PIE in 305) 015 0.0633 3 - 2 737 7581703 T
ViR 551 246| 0262 0032 70 | "33 248|966 0134|718 7.15| 648
ETLE) 309 140 oat4 0018 0 243 250] 1429 0.083] 728 723 843
4725704 is 219] 9181 0027 [1l 10 FIZ] 283 S04 D047 787| 7.18] 659
42514 45 139]_0.i81 0922 [3] ol 272 2865|594 oo71] 7.8]| 7i8] 853
5116194 387 21] 0142 0028 | [J E 241 247] 857 007i| 804] 785 885
Si16154 3497 1739|0142 0423 85 5 P21 2i8{ 557 006e| 804|785 88
Bromate Dala . R D Y S o
S11793 351 213 i1 005 78| 20| 787
51303 447 ii d0e| 78| 26| 83
T 358 185 220 18 005 78| 2i] &8s]
511943 3.55/ 9 (1) €03
512503 588 297 262 [ asf 161
/3633 656 208 [ 01 s 182 87
R 278 53 21 0.i78|_ 7.4] 238 53
e 413 15 O05] 73l 215 [ 23
8126793 234 682 i3 0041| 76| 248) 644| 225
Wil 252 83| 328 0.0z| 7471 237|607 237
104193 .38 18] 718 008e| 7741 20| 8344 19
1075793 336 188 72 0075] 781 88| 68| 18.2]
ol 3.48 197 079 0052 794| 196| 86| 184
01293 387 04| 542 0.063) 78| i86] 57| 185
1117783 305 2,06, 2632|1013 0074 142 786| 184
RE k] 332 185) 5 1 008 75| 168| e6al 18]
[ kX 191 23 2 017 77 87| 135
] 321 183 43 4 0092|748 875 128
75054 377 .08 L s D0B5| T.48 (33] X -
1721704 248 1107 0262|715 123 825) 118}
21574 i 205 7.37
i 5.57 218 8| oEs
Fiama 148 T80 1428
472584 219 83| 594 -
254 138 286] 504
421184 2871 797 -
e 290 791 —
st 291 869 -
[ 83| 889
S1%4 285 534 -
S2/94 288) 534 -
5118704 21 P2 I -
1.79 248| T 557 -
27| a®2 -
277] 482 “
278 54 s
20 54 -
248 &84 "
E2E L ‘“
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F -
Ltidity 1D:
1_Siudy 1D:
2, Source wy
3. Bource w:
indicate coagulants stu
5. Dexcribe | 10] Coagutant
Jiindicais wit 1] Aum
2} Fesric Chio
3
1. indicats w| :
WATER Q - TREATMENT CONDI
|
Date e Bromata Chiori Disinfection By-products Coaguy|
Bgt) HPT Filtered TTHW HAAS HAAS Coagul Dose
Fit. | Raw | Ozon.{ Fill. (CFU/mL) Indi disinfectant{s} | Chlorine A Incububation time Incub. pH_| R ] (pgi) (ugfL) {ret) iD
Raw | Ozon.| Fift, used with an *X' dose _____dose {h} temp, | Raw jOzon.] Fiit. | Raw | Ozon.| Fit. | Raw | Ozon.| Fit. |{ses sbove)
chlodna | chioramine | {mg CI2iL) | (mg NHI-NA) chiorine chioramina | (deg. C) 1] {mg Ci2n.)
511/93] 1.5 4.1 53 13851 X X 2.5 087 0083 168 20-25 894 201 1% 21.01 40.01 2 20|
518M3] 222 183| 1356 192 X X 25 B B9 "0 083, 168 20-25 884 207 1] 11.07 20.07 2 20]
52593 187 133 5700 X X 25 0.70 0 083 183 _20-25 84 2.1 — 18 181 ELY] 2 30
11/17/93] 178 13.7 X X 0.00 0.000 188 20-25 ] [] 1 1 2 2 25
17494) 181 58 1400 X X 033 0083 168 20-25 [%} 1 1 1 2 15
17594} 155 145 15380 X X 033 0 081 158 20-25 (3] 1 585 57.5. 114 2
1Smdl 155 14 4 14250 X X 033 0023 158 20-25 6.7 1 385 w5 18 2
215004 24 53 820 5700 X X 2 0.5¢ 0083 168 20-25 61 15 23 245 475 2 30
H194) 187 2 24 2100 1800 X X 2 078 0083 168 2025 843 235 23 2535 48.35 2 49/
Va4l 202 75 &8 4700 X X 2 053 0.033 168 20-25 16 2% 228 438 2 26
4725004} 178 0S| 984 a 380 X X 2 B52 D083 188 20-25 1.55 o 48 4755 $3.55 2 215
AZERA| 115 105 8 Bi 3100 X X 2 043 0083 163 20-25 73 30 313 613 2 215
s/i6md| 187 185 136 1500 1900 X X 2 051 0 083 168 2025 152 ki 3852 1552 2 2
5/18/94] 13.2 185 71 1500 2400 X X 2 052 0083 163 20-25 83 1.55 32 33 5% 8555 2 21
5183 215 4.1 53 2 20
51383 20 121 2 20
51803 222 183 135 2 20,
5MeR3| 229 20 2 20!
5125193 187] 133 2 30
52603 173 18 2 53
8/18/91] 240 1 2 20
y25/93 4.2 2 10
82893 275 38 2 10,
W1/63| 265 138 2 20|
107483 187 24 2 20
10/5/93] 195 111 2 20|
10/783] 209 12 2 20
T 1on2R3| 207 i )
AL 3 [EX] 2%
12079 4 89.7 15,
3 1494 1 53 2 15
154 5 145 2
17594 5 144 2
172194 15 33 2 25
215/84 24 53 2 30,
IIR4| 187 2 24 2 40|
V1494| 202 15 88 2 20
A125/841 178 10.5] 984 2 215
425:04] 115 10.5 [] 2 215
~arImA] 183 XY F] 21
T aTRA) 184 86 82 F] 21
42894) 181 18 85 2 21
4728041 182 18 13 2 22
572/04) 188 54 5 2 b7
S2R4| 187 54 2 3 37
S1ER4| 187 1858{ 136 2 1
S804 182 18.5! 7.1 2 21
SITN41 195§ 83 43 2 21
SiTRa] 195 83| 33 3 F
Swed] 197 204f 188 2 21
Sio%ed| 198 204] 75 2 3i
524me) 209 73 [X] 2 25
52494] 205 73] At - 2 35
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APPENDIX C

DELTA WATER QUALITY AND TREATMENT LIMITATIONS FOR CURRENTLY
AVAILABLE ADVANCED WATER TREATMENT TECHNOLOGY'

Drinking water regulations must balance health risks from microbial and chemical
contaminants. Chlorination, the traditional method of controlling microbial risks, reacts with
naturally occurring matter in water to produce Disinfection By-products (DBPs), which are
suspected cancer-causing compounds. Pathogens such as viruses, Giardia and
Cryptosporidium pose acute, short-term gastrointestinal health effects which, in the case of
Cryptosporidium, can be life-threatening to those with weakened immune systems including
infants and the elderly. As depicted in Figure 1, the ability to balance risks from pathogens and
DBPs is controlled by a combination of source water quality and practical limitations of
treatment technology.

EPA is currently developing paralle] regulations for controlling DBPs (Stage 1 and 2 of
the DBP Rule) and waterborne disease agents (Interim and Enhanced Surface Water Treatment
Rule). Both of these regulations will require most water utilities to implement newer, more
expensive treatment technologies. Enhanced coagulation and ozonation are considered best
available technologies for complying with these regulations. More advanced treatment
technologies such as filtration membranes and granulated activated carbon are extremely
expensive and have potential environmental implementation ramifications. Given this, it is
important to know the required source water quality which will allow current best available
technology to perform within expected future drinking water standards. With the Delta
providing the source water for all or a portion of the water supply for two-thirds of the state’s
population, its quality will be critical in future water treatment management decisions.

Traditional water treatment technology of filtration and disinfection with chlorine was

acceptable until regulations requiring a reduction in DBPs forced many entities to begin

' Prepared by California Urban Water Agencies
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reducing chlorine contact time or use a combination of ammonia and chlorine (chloramines)
which reduced DBPs. However, these methods cannot meet expected Stage 1 requirements
for Giardia, DBPs, and total organic carbon (TOC) removal when using Delta water.
Therefore, enhanced coagulation or ozone is required. Although enhanced coagulation, in
combination with free chlorine, can control DBPs and Giardia, chlorination is ineffective
against Cryptosporidium. QOzone disinfection is also very effective for controlling Giardia
while limiting the formation of many DBPs, and can even disinfect for Cryptosporidium.
However, as greater quantities of ozone are required for disinfection of Cryprosporidium,
disinfection by-products of the ozonation process occur. Principle among these is the
compound bromate, a DBP to be regulated in the DBP rule. Bromate is formed by the reaction
of ozone with bromide, with higher levels of either constituent producing more bromate. Delta
waters commonly contain bromide, borne by seawater mixing with Delta inflow on the tidal
cycle.

Figure 2 depicts increasing Delta water quality constraints as drinking water regulations
become more stringent. For example, assuming a 90-percent inactivation of Giardia
(1 log), the water quality from the Delta would need to be 3.0-4.0 mg/L for Total Organic
Carbon and the bromide concentration would have to be in the range of 50-250 ug/L,
depending upon the treatment technique. As additional disinfection requirements (2-log
Giardia) are implemented, water quality required to allow ozone to meet these requirements
must improve: TOC <3.0 mg/L and bromide <50-150 pg/L. Finally, if inactivation of
Cryptosporidium is required, then ozonation is the only effective option prior to
implementation of membranes and GAC and would require a very low bromide concentration

(<50 pg/L) to comply with the anticipated standard for bromate.
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FIGURE 2

DELTA EXPORT WATER QUALITY AND TREATMENT CONDITIONS
REQUIRED TO MEET REGULATORY SCENARIOS

EXISTING OR PROPOSED REGULATIONS

THMs* HAAs* [BROMATE TOC* DISINFECTION DELTA WATER QUALITY
(ug/L) (ug/L) (ug/L) (mg/L) ASSUMPTION TREATMENT** CRITERIA
1979 THM Standard 160 None None None None Chlorination/Chloramination None
Surface Water Treatment - - - - 0.5 log Giardia Prechlorinated/Conventional Br < app. 400 ug/L*¥**
lRule SWTR (1993)
Stage 1 DBP Rule/Interim 80 60 S50r10 up to 50% 0.5 log Giardia Enhanced Coagulation or not analyzed
SWTR (2001-2003) reduction Ozonation
Stage 2 DBP Rule/ 40 30 5 up to 50% 1 log Giardia Enhanced Coagulation or TOC 3-4 mg/L
nhanced SWIR reduction Ozonation Br <50-250 ug/L
(2003-2005)
Stage 2 DBP Rule/ 40 30 5 up to 50% 2 log Giardia Enhanced Coagulation or TOC <3 mg/L
nhanced SWTR reduction Ozonation Br 50-150
(2003-2005)
Stage 2 DBP Rule/ 40 30 5 up to 50% 1 log Cryptosporidium Ozonation*** TOC <3.0 mg/L
nhanced SWTR reduction Br <50 ug/L
(2003-2005)

*THM:s = Trihalomethanes, HAAs = Haloacetic acids, TOC = total organic carbon
** Treatment assumes conventional filtration for ozone, enhanced coagulation options

¥+ Assumes ozone at pH 6.5

#+#3Based on results at Metropolitan Water District
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